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line of passenger cars to all types of commercial vehicles. From 
machine tools to the magnetic 
levitation train, the ideal mass 
transit system of the future. From 
turn-key engineering and construction projects to petrochemi¬ 
cals with advanced new material. 


From super tankers to some of 
the most sophisticated I 

carriers. Hyundai, with more than 30 R&D centers, 
working together, creating innovative syn¬ 
ergies, innovative products. 
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Ensuring the Longevity of Digital Documents 

Jeff Rothenherg 

Remember computer punch cards? How about data tapes? If you have entrusted 
valuable information to floppy disks, CD-ROMs or other digital media in the hope 
of preserving it for the ages, be forewarned. Changes in hardware and software 
technology can make digital documents unreadable. Prudent steps taken now, how¬ 
ever, can guarantee that today’s records will still be accessible tomorrow. 



The Prion Diseases 

Stanley B. Prusiner 

Laughing cannibals and mad cows have something in common: both are often in¬ 
fected with pathogens called prions that cause neurodegenerative diseases in hu¬ 
mans and animals. Unlike viruses or bacteria, prions do not contain genetic mate¬ 
rial, They are proteins that reshape a host’s proteins into copies of themselves. The 
author of the prion concept explains how an outlandish idea came to be accepted. 



Earth before Pangea 

Ian W. D. Dalziel 

Today Antarctica is a frozen waste and California the Sunshine State, but 750 million 
years ago they appear to have been adjacent real estate. Long before the supercon- 
tincnt Pangea coalesced 250 million years ago, plate tectonic forces were reshuffl¬ 
ing landmasses and creating environments that nurtured primitive forms of life. 
Now geologists search for dues to the early wanderings of the continents. 



Elastic Biomolecular Machines 

Dan W. Urry 

Taking a cue from the proteins in living things, chemists have begun to construct 
polymer molecules that expand or contract in response to changes in temperature, 
light or aridity. The thermodynamic qualities of these odd materials may seem per¬ 
plexing. Yet they could be the key to building artificial muscles, new types of drug- 
delivery systems or more comfortable garments. 



The Oldest Old 

Thomas T. Peris 

Many people regard advancing age as an inevitable descent into worsening health, 
A survey of persons who are more than 95 years old, however, finds that their 
physical condition is often better than that of others 20 years their junior. The 
longevity 1 secrets locked inside these centenarians" genes and behavior may point 
the way to a more pleasurable and active old age for the rest of us. 
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The Birth and Death of Nova V1974 Cygni 

Sumner Stanfield and Steven N. Shore 


When this nova flared into existence in 1992, it was the brightest that astronomers 
had observed in 17 years. Then it unexpectedly faded, its nuclear fuels exhausted 
ahead of schedule. As astrophysicists pore over records of its brief life, V1974 Cyg¬ 
ni is confirming some ideas about how stars explode but shattering others. 



Egil’s Bones 

Jesse L. Byock 


Old Norse tales commemorate the legendary accomplishments of the Viking hero 
Egil. They also note his appearance: his heavy features, his physical handicaps, his 
skull so thick it could withstand the blow of an ax. Such details may not be artistic 
embellishments. Egil may have had the skeletal condition called Paget's disease. 



Trends in Preventive Medicine 

Better Than a Cure 

Tim Beardsley, staff writer 


Vaccines save millions of lives every year at very low cost, and the scientific pros¬ 
pects for creating more and better vaccines have never been brighter. But develop¬ 
ing and distributing those drugs are still formidable jobs—ones that demand con¬ 
certed effort by both industry and government. Can the World Health Organization 
break the logjam that has paralyzed vaccine progress in the past? 
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Science and the Citizen 

Race and IQ**** Proteins that wire 
the brain.,,. Ozone lost between 
the poles..,. Galactic magnetism,.,* 
Shoemaker-Levy's ongoing im¬ 
pact . .** Mole rats: less naked but 
just as social. 

The Analytical Economist 

Derivatives and doom. 

Technology and Business 

Bellcore on the block?,** Ownership 
of electronic art.... When 3-D pic¬ 
tures wore khaki,... Is there a doc¬ 
tor in the database? 

Profile 

Walter H. Munk, an oceanographer 
uneasily at odds with whale lovers. 



Letters to the Editors 

Orthopedics, 6*000 b.c.... The 
cause of the software crunch. 

50 and 100 Years Ago 

1945: Gyro navigation* 

1895: The obsolete horse. 



Mathematical Recreations 

The dynamics of plant growth 
and the Fibonacci series. 

Book Reviews 

Architecture adapts.... Autofab¬ 
rication.*** Human genetics. 

Essay: John Timpam 
The irrational belief inside 
scientific conviction. 
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THE COVER painting portrays the earth 750 
million years ago, when the major land- 
masses were fused into the supercontinent 
Rodinia. Except for parts of Africa and 
South America, there were no oceans be¬ 
tween the continents. According to conven¬ 
tion, they are shown to orient the viewer, as 
are Lhe Great Lakes, Hudson Ray and Baffin 
Bay . North America eventually traveled 
around the other continental shields and 
rejoined them to form Pangea (see "Earth 
before Pangea t ” by Ian W. D. Dalziel, page 
38). E , aintlng by Tomo Narashima. 


150 YEARS OF INNOVATION 


Founded in 1845, as a weekly journal subtitled 
“The Advocate of Industry and Enterprise 
and Journal of Mechanical and Other 
Improvement,” Scientific American is the 
oldest continuously published magazine in 
America. 


From the beginning, Scientific American cov¬ 
ered the new and important, most often in 
the words of those who actually did the work. 
Among the many people who have written for 
the magazine are Albert Einstein, Francis 
Crick and dozens of other Nobel laureates. 


As the magazine enters its 150th year of 
innovation, readers and advertisers will be 
invited to participate in programs celebrating 
the sesquicentennial. Look for information in 
this space in subsequent issues, or check into 
Scientific American's area on America Online. 
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LETTERS TO THE EDITORS 


Picking at Bones 

In “The Eloquent Bones of Abu Hu- 
reyra” [Scientific American, August], 
Theya MoIIeson spends an entire article 
addressing the amount of stress put on 
the bones of the people who lived in 
this agricultural village only to end by 
stating that “there was a constant prog¬ 
ress toward a better life..,." Implicit in 
this statement lies the ethnocentric as¬ 
sumption that the sedentary agricultur¬ 
al lifestyle is “better" than the nomadic 
hunter-gatherer lifestyle. It is the as¬ 
sumption that agricultural/indusirial 
society is better than all others that has 
put us on our current path of environ¬ 
mental degradation. How many cultures 
and how many species must be lost be¬ 
fore we realize that what we have is not 
better but simply different? 

James Snell 
Nashville, Tenn, 

The suggestion made by MoIIeson that 
bone deformities resulted from grind¬ 
ing grain makes little sense to an or¬ 
thopedic surgeon. No amount of grind¬ 
ing from an all-fours position would 
produce a marked hyperextended posi¬ 
tion of the metatarsal-phalangeal joint 
of the big toe unless the flexor profun¬ 
dus tendon were ruptured, most likely 
from a puncture or lacerating injury. 
Furthermore, arthritis of the metatar¬ 
sal-phalangeal joint, known as hallux 
rigidus, can be traced to trauma but fre¬ 
quently is classified as idiopathic. The 
arthritic changes in the lumbar spine 
and the knee joint illustrated in the ar¬ 
ticle are indistinguishable from those 
seen in many older persons in our soci¬ 
ety today. 

Douglas B, Mains 

Orthopaedic Associates of DuPage, Ltd. 
Carol Stream, Ill. 

MoIIeson replies: 

Examination of the damaged meta¬ 
tarsal-phalangeal joint surface indicates 
that there was continued movement at 
the joint after the cartilage was dam¬ 
aged, which is consistent with repetitive 
minor trauma. Hallux rigidus Following 
trauma was the differential diagnosis 
of a consulting radiologist. I interpret 
these injuries as having been sustained 
when the woman doing the grinding 
overshot the end of the quern. The toes 


would then be hyperextended beyond 
the normal range of movement, with 
the full driving force of the body be¬ 
hind them. Uninjured first metatarsals 
have an extension of the articular area 
of the head, that is, a kneeling facet 

Mains is correct that arthritic chang¬ 
es alone cannot tell a clear story. It is 
the association of spinal, knee and foot 
injuries in several individuals, where 
there is little other pathology, that sug¬ 
gests that they are consequent on a 
specific type of activity. 

Software’s Hard Questions 

In “Software's Chronic Crisis” [Scien- 
mic American, September], W. Wayt 
Gibbs theorizes disaster for software 
development without the introduction 
of scientific methods and mathematical 
rigor. One interesting point is the men¬ 
tion of the standard engineering hand¬ 
book approach, successful in many 
branches of engineering. Unfortunate¬ 
ly, that approach works only with rou¬ 
tine designs in well-established fields, 
by well-trained people making explicit 
and limiting assumptions. How many 
of these factors exist in real-world soft¬ 
ware projects? It is miraculous that 
large software systems can be built at 
alt. In the future, people will look back 
in amazement at the large software 
projects done in the "prehistoric age” 
of the computer. 

Robert G, Brown 
Orange Park, Fla. 

The “software crisis" we are experi¬ 
encing is really a complexity crisis. Soft¬ 
ware is merely the most expedient way 
to implement complex systems. If you 
want to understand why writing reli¬ 
able software is so hard, you are better 
off thinking of ecology than mathemat¬ 
ics. It is the relationships between parts 
of a system that are most important, 
not the mathematical algorithms chat 
make up the parts. We must realize that 
complicated systems are inherently less 
reliable than simpler ones, even if the 
software is totally bug free. The funda¬ 
mental question about the high-tech 
baggage-handling system at the Denver 
Airport is not why it doesn't work but 
why it was attempted in the first place. 
Since the risk of these projects failing 
is so high, there must be a very signif¬ 


icant benefit to be derived from them. 
The cost of the Denver system was $193 
million. Would it be worth that much 
even if it worked? 

Jeffrey M. Ratcliff 
Orange, Calif. 

Switching Brains 

As an electrical engineer with over 20 
years of experience in the design and 
implementation of analog electronics 
and servo-control systems, imagine my 
surprise when l found in “The Amateur 
Scientist,” by John lovine [SCIENTIFIC 
American, October], that an ordinary 
differential amplifier in a dosed-loop 
feedback-control system had been re¬ 
labeled a neural network! The circuit 
described in the article is not a new 
concept based on the tenets of neural 
network theory but is in fact a widely 
used design with applications going as 
far back as World War II. The circuit 
and overall control loop of sensor, 
amplifier and motor drive can be rigor¬ 
ously and completely described by the 
standard methods utilized in closed- 
loop feedback-control system design. 

Ronald B. Howes, Jr. 

Minneapolis, Minn. 

lovine replies: 

The fact that a 741 op-amp is being 
used in a dosed-loop feedback-control 
system that has been described in elec¬ 
tronics literature for the past 20 years 
in no way impedes the employment of 
such a system as a perfect example of 
an ideal neuron used in software or a 
hardwired neuron used in neural net¬ 
work circuits. Hard-wired neurons con¬ 
figured in neural network systems were 
created using similar electrical designs 
as early as 1957, when Frank Rosenblatt 
built the successful Mark I Perceptron 
network. If we wired 100 or so op-amps 
in a neural configuration and trained it 
to play tic-tac-toe, would the resulting 
circuit be an electrical feedback system 
or a neural network? 


Letters selected for publication may 
be edited for length and clarity. Unso¬ 
licited manuscripts and correspondence 
will not be returned or acknowledged 
unless accompanied by a stamped, self- 
addressed envelope , 
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50 AND 100 YEARS AGO 


JANUARY 1945 

“With the new Sperry Attitude Gyro, 
the airplane pilot can now be provided 
with an indication of the position of his 
plane even when the earth's surface 
cannot be seen. The instrument makes 
it possible to perform all aerobatic or 
acrobatic maneuvers without visual ref¬ 
erence to the earth’s surface. 11 

“ 'The job of normal peace-tune re¬ 
search is a private job, not a govern¬ 
ment job, 1 says Hon. Robert P. Patter¬ 
son, Under Secretary of Wan ‘What the 
government may do, if it is called upon, 
is to furnish information and financial 
support. It may furnish counsel, even 
leadership. It must not, in the normal 
researches of peace, assume control. 111 

" Progress in science as well as other 
branches of human endeavor depends 
upon the ability to communicate ideas 
to others by means of language, it is 
not required of the scientist that he be 
either an orator or a clever wielder of 
$64 words, only that he express him¬ 
self clearly in everyday language," 

“After nearly two years of laboratory 
tests and development, ‘the strongest 
aluminum alloy yet available for com¬ 
mercial use’ was recently announced by 
Reynolds Metals Company, The alloy, 
known as R303, is made with magne¬ 
sium, zinc, and copper and 
has almost three times the 
compressive strength of struc¬ 
tural steel," 

"Perhaps the most interest¬ 
ing and promising of the pro¬ 
posed uses of glass-reinforced 
plastics are to be found in 
models for space-saving, struc¬ 
ture-supporting, prefabricated 
kitchen and bathroom units. 

The two-sided assemblies, 
complete with full storage fa¬ 
cilities, are intended to occupy 
a space only seven feet square, 
yet they arc capable of sup¬ 
porting the entire structure of 
a house.” 

“'Hie newest application of 
ion-exchange resins promises 
to be the purification of pec¬ 
tin and gelatin for use in the 
preparation of substitutes for 


blood plasma. Substitute blood plasma 
is being developed because of shortag¬ 
es, and present indications are that pec¬ 
tin and gelatin will serve as temporary 
and partial replacements,” 

“Too many old men are at the helm 
in science, which needs the originality 
of youth to keep pace with its opportu¬ 
nities for service to mankind." 



JANUARY 1895 

“A small company of forward-look¬ 
ing people, in the face of almost univer¬ 
sal apathy, have been for years urging 
The necessity of some rational system 
of management for the forests on our 
national domain. We have no systemat¬ 
ic forest policy yet, but at least now 
men in places of high authority consid¬ 
er the matter worth talking about.” 

"The quick transmission of news has 
become one of the most imperious 
needs of our age. A new printing tele¬ 
graph permits of reproducing at a dis¬ 
tance the matter printed by a typewrit¬ 
er, The manuscript to be transmitted is 
reproduced atthe same time in receiv¬ 
ing stations at the houses of various 
subscribers.” 


“The 'American voice 1 has an unenvi¬ 
able reputation. It is apt to be shrill, 
strident, high-pitched, unmodulated. 
This quality adds an unnecessary ag¬ 
gravation to social life. Tt disorganizes 
the nerves, and increases the tendency 
to nervous prostration.” 

"Verily, the field of usefulness for¬ 
merly held by the horse is narrowing 
daily. To steam, electricity’, and the 
ubiquitous bicycle comes an ally in the 
form of explosive gas, so cunningly ap¬ 
plied to the propulsion of vehicles as 
to threaten the horse's utter rout,” 

“There are in the United States at 
present 6,000,000 farms. About one- 
half the population of the republic or 
over 30,000,000 people live on them, 
and these farm dwellers Furnish more 
than 74 percent of the total value of 
the exports of the country." 

“The latest hygienic craze in Paris is 
the use of porous glass for windows. 
Light is freely admitted and the pores 
admit air. The minute holes arc too fine 
to permit of any draught, while they 
provide a healthy, continuous ventila¬ 
tion through the apartment," 

“In some things bigness is a valuable 
feature, in others, smallness is a desi¬ 
deratum, In the case of a battery, the 
smallest, lightest and most compact 
practicable battery made at 
present yields a large current 
(2 amperes) at a reasonably 
high voltage (1.1 volts). The 
battery consists of a zinc cell, 
closed with a hard rubber 
stopper, and containing an 
electrode formed of fused sil¬ 
ver chloride." 

"The combined sleeping and 
parlor car, shown in the ac¬ 
companying illustration, de¬ 
picts a notable feature recent¬ 
ly patented by Mr. Linford F. 
Ruth. The cushions for the 
seats as well as for the bed 
are connected with the com¬ 
pressed air pipes of the train. 
The cushions are simply air¬ 
tight bags of soft rubber or 
other suitable material and can 
be inflated by opening valves 
in connecting pipes, or be col¬ 
lapsed and compactly stored," 



Ruth's combined sleeping and parlor car 
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SCIENCE AND THE CITIZEN 


For Whom the Bell Curve Really Tolls 

A tendentious tome abuses science to promote far-right policies 


R arely do 800-page books that are 
crammed with graphs reach 
best-seller lists. The Bell Curve, 
an inflammatory treatise about class, 
intelligence and race by the late Richard 
J. Hermsteiru a psychology professor at 
Harvard University who died last Sep¬ 
tember, and political scientist Charles 
Murray of the American Enterprise Insti¬ 
tute, is an exception. The book's deeply 
pessimistic analysis of U.S. social woes, 
together with its conservative policy 
prescriptions, has hit a nerve. 


Publishing The Bell Curve may have 
been a calculated political move on the 
part of its authors. As the country lurch¬ 
es to the right, many people wiU be se¬ 
duced by the text's academic trappings 
and scientific tone into believing its ar¬ 
guments and political inferences well 
supported. Those readers should think 
again. 

The Bell Curve depicts a frightening 
future in which, absent strong correc¬ 
tive measures, a “cognitive elite" will live 
in guarded enclaves distant from the 


dull masses. Opportunities for the un¬ 
derclass will become limited as toler¬ 
ance evaporates. Strict policing will be 
widely accepted, and racial hostility will 
most likely spread. The least intelligent 
denizens of this dystopia will be con¬ 
signed to a “high-tech and more Lavish 
version of the Indian reservation." 

This apocalyptic vision is presented 
as the consequence of unpalatable, un¬ 
deniable "facts'* about inheritance and 
intelligence. But the thesis rests on cu¬ 
riously twisted logic. Its authors have 


been highly selective in the evidence 
they present and in their interpretation 
of ambiguous statistics. The work is “a 
string of half-truths," states Christo¬ 
pher Jencks, a sociologist at Northwest¬ 
ern University. 

The arguments stem from the same 
tradition of biological determinism that 
led, not so long ago, to compulsory 
sterilizations in the U.S. and genocide 
elsewhere. The notion is that individu¬ 
als* characteristics are both essentially 
fixed by inheritance and immune to al¬ 


teration by the environment. Efforts to 
help those who are unfortunate by rea¬ 
son of their genes are unlikely to he re¬ 
warded. Solutions, therefore, should in¬ 
clude those Murray has long advocat¬ 
ed; abolish welfare, reduce affirmative 
action and simplify criminal law. 

Hermstein and Murray produce data 
suggesting that intelligence—as as¬ 
sessed by a high IQ score—is increas¬ 
ingly important to economic success. 
They also argue that people who have 
low scores—including disproportionate 
numbers of blacks—are more likely than 
others are to fall prey to social ills. The 
two accept evidence from studies of 
twins reared apart that there is a large 
heritable component to IQ scores: 
they estimate it to be 60 per¬ 
cent. The writers declare them¬ 
selves agnostic on the question 
of whether racial differences in 
IQ scores are genetic, although 
they are clearly inclined to favor 
that possibility. 

Hermstein and Murray con¬ 
cede that just because a trait has 
a heritable origin does not mean 
it is unchangeable. Nearsighted¬ 
ness is one example of an inher¬ 
ited, modifiable condition. But 
they decide, on the basis of a 
questionable look at the data, 
that “an inexpensive, reliable 
met hod of raising IQ is not avail- 
. able." This conclusion is used to 
I justify an attack on programs 
| aimed at helping society's most 
a vulnerable; the authors prefer to 
£ let the genetically disadvantaged 
S find their own Level. Evidence 
f that does not accord with Herm¬ 
it stein and Murray's way of think- 
“ J ing—such as the observation that 
IQ scores worldwide are slowly 
lucre a sing—i s ackno wle dged, 

then ignored. 

Leaving aside the substantial and un¬ 
resolved issue of whether a single num¬ 
ber can adequately summarize mental 
performance, The Bell Curve plays fast 
and loose with statistics in several ways. 
According to Arthur Goldberger, an 
econometrician at the University of Wis¬ 
consin who has studied genetics and IQ, 
the book exaggerates the ability of IQ 
to predict job performance. Hermstein 
and Murray assert that scores have an 
impressive "validity" of about 0.4 in 



EDUCATION cart benefit alt r a truth being forgotten in the clamor over The Bell Curve. 
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such predictions. They report that the 
Armed Forces Qualification Test, an IQ 
surrogate, has a validity of 0*62 at an¬ 
ticipating the success of training for 
mechanical jobs. Yet many of the mea¬ 
sures used to assess validity include 
supervisors’ ratings, which are subject 
to bias, Goldberger notes. Furthermore, 
the validities that the duo see as so re¬ 
vealing are, in fact, hypothetical quanti¬ 
ties that no employer would expect to 
find in prospective employees, “ft’s re¬ 
ally bad stuff,” Goldberger says. 

Other correlations that the writers 
establish between social ills and low IQ 
scores are equally suspect. Herrnstein 
and Murray put great weight on com¬ 
parisons between the ability of IQ 
scores and parental socioeconomic sta¬ 
tus to predict what will happen to 
young people. Yet the measures of so¬ 
cioeconomic status they use cannot en¬ 


sure that homes are equally stimulat¬ 
ing. The point is crucial because numer¬ 
ous studies have demonstrated that ear¬ 
ly childhood surroundings have a large 
role in molding IQ scores—while very 
few studies have indicated a significant 
role for heredity. Consequently, conclu¬ 
sions about the dominance of IQ can¬ 
not he taken at face value. Leon Kamin, 
a psychologist at Northeastern Univer¬ 
sity and well-known critic of research 
on intelligence, maintains that interac¬ 
tions between genes and environment 
make attempts to weigh nature against 
nurture "meaningless." 

Hermstein and Murray’s hereditarian 
bias is also obvious in their account of 
a study of 100 children from varying 
ethnic backgrounds who were adopted 
into white families. The study got un¬ 
der way in the 1970s. At age seven, the 
black and interracial children scored an 


average of 106 on IQ tests—consider¬ 
ably better than the national average of 
black children and close to levels scored 
by white children. A decade later re¬ 
searchers Sandra Scarr of the Universi¬ 
ty of Virginia and Richard A. Weinberg 
of the University of Minnesota found 
that the IQs of the black and interracial 
children had declined to 89 and 99, 
respectively, whereas those of white 
adoptees had fallen from 112 to 106. 

Scarr and Weinberg concluded that 
racially based discrimination at school 
probably explained the drop in the 
black youngsters’ scores. Jencks agrees: 
“The results are perfectly consistent 
with the difference being due to some¬ 
thing in the early home environment 
and, for older kids, their experience in 
school.” But Hermstein and Murray in¬ 
terpret the findings differently: “What¬ 
ever the environmental impact may 



Deathbed 
Revelations 

T he Magellan spacecraft, 
which produced spectac¬ 
ular radar images of the sur¬ 
face of Venus, gave its life 
to science when it plunged 
into that planet's murky atmo¬ 
sphere on October 12. Project 
scientists had maneuvered 
Magellan into a low, and ulti¬ 
mately sacrificial, orbit so that 
it could map Venus’s gravita¬ 
tional field. Tiny wiggles in 
the orbit betrayed locaf varia¬ 
tions in the mass of the plan¬ 
et, dues to its internal struc¬ 
ture. The resulting gravity map 
is shown here superimposed 
on an exaggerated-relief im¬ 
age of Venus’s topography. 

Gravitational highs are ren¬ 
dered in red: gravitational lows 
are displayed in blue. 

As Magellan dipped closer 
to its infernal doom, it per¬ 
formed unprecedented acro¬ 
batic feats. The drag created 
as the craft sped through the 
thin upper atmosphere pulled 
it ever downward, producing 
the first real-world test of aer- 
obraking. The new fuel-saving 
technique will be used by the Mars Global Surveyor to 
help guide it into orbit around the red planet in 1997. 

Magellan also turned its solar panels to mimic a wind¬ 
mill. Technicians measured how much thrust was required 
to keep the probe from spinning—information that yield¬ 
ed surprising data about Venus’s atmosphere. According 
to Robert H. Tolson of George Washington University, the 


atmospheric drag about l 50 kilometers above the surface 
was only about half as great as anticipated but then in¬ 
creased unexpectedly at lower altitudes. This is an excit¬ 
ing new method for measuring atmospheric properties,” 
he says, one that may soon be applied to earth-orbiting 
satellites. Magellan may live no more, but new insights and 
questions have arisen from its ashes. —CoreyS. Powell 
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have been, it cannot have been large." 

The Bell Curve's most egregious fail¬ 
ing, however, may be its bleak assess¬ 
ment of educational efforts to improve 
the intellectual performance of children 
from deprived backgrounds. Herrastein 
and Murray cast a jaundiced eye over 
Head Start and other efforts for at-risk 
youngsters—projects that have been 
claimed to produce long-lasting gains in 
IQ* a possibility that would not square 
well with biological determinism. Hcrm- 
stein and Murray downplay such results, 
noting that such interventions are too 
expensive to be widely used. The only 
one they are enthusiastic about is adop¬ 
tion, which, paradoxically, they accept 
as having a positive effect on IQ. "Their 
treatment of intervention wouldn't be 
accepted by an academic journal—it's 
that bad," exclaims Richard Nisbett, a 
psychology professor at the University 
of Michigan. “I’m distressed by the ex¬ 
tern to which people assume [Murray] 
is playing by the rules.” 

Jencks is also unhappy with the book's 
conclusions about education. “Herm- 
stein and Murray are saying Head Start 
didn't have a profound effect. But that 
doesn’t tell us that we couldn't do a lot 
better if we had a different society," he 
says. “In Japan, foT example, children 
learn more math than they do in the 
LLS. because everybody there agrees 
math is important." 

Scarr, who accepts a substantial role 
for heredity in individual IQ differenc¬ 
es, insists that efforts to boost intellec¬ 
tual functioning in disadvantaged youth 
can deliver results. "There's no question 
lhat rescuing children from desperately 
awful circumstances will improve their 
performance,” she notes. 

Scarr also points out that ameliorat¬ 
ing a child’s environment may reduce 
social problems, regardless of its effect 
on IQ. "The low-IQ group deserves a lot 
more support than it is getting," she ar¬ 
gues. “Other societies manage not to 
have the same levels of social ills as we 
do.” Edward F. Zigler, a prominent edu¬ 
cational psychologist at Yale University, 
asserts that “in terms of everyday so¬ 
da! competence, we have overwhelm¬ 
ing evidence that high-quality early ed¬ 
ucation is beneficial.” 

Therein lies the fatal flaw in Herm- 
stein and Murray's harsh reasoning. 
Even though boosting IQ scores may be 
difficult and expensive, providing edu¬ 
cation can help individuals in other 
ways. That fact, not IQ scores, is what 
policy should be concerned with. The 
Bell Curve's fixation on IQ as the best 
statistical predictor of a life's fortunes 
is a myopic one. Science does not deny 
the benefits of a nurturing environment 
and a helping hand. —Tim Beardsley 


The Great Attractors 

Chemical guides direct young neurons to their final destinations 



BATTERING RAMS—Of 
growth cones from com - 
missural axons—are lured 
toward floor-plate cells by 
chemical cues , 


M ore than a century ago the re¬ 
nowned Spanish neurobiologist 
Santiago Ramon y Cajal discov¬ 
ered the growth cone, "that fantastic 
ending of the growing axon.” His find 
partially explained one of the most fun¬ 
damental and dynamic events in embry¬ 
onic development. These "living batter¬ 
ing rams,” as be observed, sprout from 
nerve cells and forge ahead toward se¬ 
lect tissues. Hence, he suggested that 
these structures enable young neurons 
to wire the synaptic links that form an 
adult nervous system. Until recently, 
though, no one had figured out how the 
growth cones koow r where to go. 

Cajal himself, it turns out, had the 
right idea. He proposed that the target 
tissues might release certain diffusible 
chemicals that, like a trail of bread 
crumbs, could lure the advancing axons 
from afar. Following this path, a team 
led by Marc Tessier-Lavigne of the Uni¬ 
versity of California at San Francisco 
and the Howard Hughes Medical Insti¬ 
tute identified two such chemotropic 
proteins. It has christened them netrin- 
1 and neirin-2, after the Sanskrit netr y 
meaning “one who guides.” 

Both proteins promote and orient the 
grow'th of so-called commissural axons 
in the developing spinal cord of chick¬ 
ens and rodents. These axons branch 


from nerve cells in the dorsal spinal 
cord and travel around its circumfer¬ 
ence to tissues in the front known as 
the floor plate. From there, they turn 
toward the brain. Studies done in vitro 
have shown that a collection of floor- 
plate cells can elicit axonal outgrowth 
of this kind from dorsal spinal-cord ex¬ 
plants. Nevertheless, because the floor 
plate is so small, workers had been un¬ 
able to isolate its active ingredients. 

Tessier-Lavigne and his colleagues 
managed to avoid that problem alto¬ 
gether. They compared the floor plate's 
allure with that of more accessible tis¬ 
sues and found that the cell membranes 
in a developing chick brain could also 
draw commissural axons at a distance. 
The team purified ihe netrins from some 
25,000 chick brains. To confirm that 
these proteins were indeed the spinal 
cord’s chemical bait, the group intro¬ 
duced netrin-1 RNA into a line of mam¬ 
malian cells. These custom-made cells 
then produced netrin-1 and attracted 
axons as floor-plate cells would. 

Although both netrin-1 and netrin-2 
were present in the chick membrane, 
floor-plate cells make only netrin-1. 
“The netrin-1 transcript is expressed at 
high levels in the floor plate,” Tessier- 
Lavigne says, “whereas netrin-2 is ex- 
pressed at lower levels over the ventral 
two thirds of the spinal 
cord." He speculates that 
this distribution might ex¬ 
plain the path commissur¬ 
al axons typically take. Be¬ 
cause higher levels of net¬ 
rin-1 linger near the floor 
plate, the outgrowing ax¬ 
ons most likely travel to¬ 
ward an ever increasing 
amount of netrin to reach 
their destination. 

As further evidence that 
the netrins govern this 
growth, the same pattern 
of circumferential migra¬ 
tion seems to occur in oth¬ 
er species. The researchers 
have discovered that the 
netrins resemble unc-6, a 
protein that guides the 
growth of certain axons in 
a nematode. And Corey S. 
Goodman's laboratory at 
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the University of California at Berkeley 
recently isolated a netrin gene in the 
fruit fly Drosophila. “This shows a strong 
conservation of biological functions be¬ 
tween species/ 1 Tessier-Lavigne notes. 

The researchers studying worms, flies 
and vertebrates plan to collaborate ex¬ 
tensively. They are now f testing wheth¬ 
er netrins and unc-6 function equally 
well in vertebrate and invertebrate sys¬ 
tems. “Aside from axonal projections, 
unc-6 controls the circumferential mi¬ 
grations of cells in worms,” Tessier-La- 
vlgne adds. “So cell migrations in verte¬ 
brate embryos might use netrins as 
guidance cues/ 1 


Such analogies may help the group 
answer other questions as well The sci¬ 
entists have uncovered a slightly small¬ 
er protein, dubbed NS A for netrin-syn- 
ergizing activity', that seems to influ¬ 
ence netrin potency. Perhaps NSA, like 
certain proteins in other signaling path¬ 
ways, mediates how well the netrins 
bind to their receptors. “We really want 
to know if NSA is an essential cofactor 
or not," TessierT-avlgne states. Also, the 
netrins tend to adhere to cell surfaces 
for reasons as yet unknown. 

What is known is that these novel pro¬ 
teins are probably just two words in an 
entire language of chemical instruc¬ 


tions that direct embryonic develop¬ 
ment. Neurobiologists hope to discover 
chemicals that can ward off outgrowing 
axons and thus prevent them from mak¬ 
ing faulty connections. Perhaps other 
kinds of cues exist as well. At any rate, 
Tessier-Lavigne predicts that progress 
will be swift because similar chemical 
words seem to speak of the same bio¬ 
logical Functions in different species. 
"Now we can go back and forth be¬ 
tween different systems and share our 
insights,” he says. For a while, it seems 
the netrins will bring scientists togeth¬ 
er as surely as they connect searching 
axons. — Kristin Leutwyler 


Socializing with Non-Naked Mole Rats 



Big and hairy, the Damaraland mole rat is not as re¬ 
nowned as its hairless cousin. Nevertheless, this species 
has proved just as intriguing as the naked mole rat of zoo 
and cartoon fame. Both forms of mole rat are eusocial— 
that is, they live in groups in which only a queen and sev¬ 
eral males reproduce, whereas the rest of the colony coop¬ 
erates to care for the young. This behavior—Jike that of 
termites and ants—is found in very few mammals, and it 
has remained a puzzle of natural selection. 

By comparing Damaraland and naked mole rats, Jen¬ 
nifer LL M. Jarvis and Nigel C Bennett of the University of 
Cape Town and others have begun to determine the char¬ 
acteristics that appear central to the evolution of eusocial- 
ity—and hair is dearly not one of them. The Damaraland 
Is important because it does not have many of the charac¬ 
teristics of the naked mole rat," notes Paul W. Sherman of 
Cornell University. So it "tells us something that we did not 
know." The degree of genetic relatedness between mem¬ 


bers of a colony, for Instance, does not appear as crucial 
to eusociality as some had believed, in the case of naked 
mole rats, siblings raise one another because the survival 
of a sister or brother is virtual cloning. A Damaraland col¬ 
ony, however, appears much more genetically diverse. 
Once a queen dies, these mole rats wait to reproduce until 
another female is introduced from somewhere else—at 
least in the laboratory. 

Instead ecological determinants seem more significant 
to eusociality. Both Damaraland and naked mole rats live 
in arid regions where the food supply, underground tu¬ 
bers, is sparse and rainfall unpredictable. Cooperative liv¬ 
ing ensures finding these precious resources—solitary an¬ 
imals would be unable to tunnel extensively enough to lo¬ 
cate adequate sustenance. The other, noneusocial forms 
of mole rats live in regions where food is more readily 
available. In other words, the more patchy the food, the 
more the cooperation. —Marguerite Holloway 
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Picking Up the Pieces 

Astronomers mull over the lessons of the great comet crash 


T ast Halloween hundreds of astron¬ 
omers gathered in Bethesda, Md., 
1 Jto play an unusual kind of trick or 
treat. The treat was a bumper crop of 
observations about the death of Shoe¬ 
maker-Levy 9, the comet that smashed 
into Jupiter last July. The trick was try¬ 
ing to make sense of it all. And the cos¬ 
tume of choice was an “I survived the 
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DARK RINGS of dusty material formed 
around the impact sites of the larger 
fragments from Shoemaker-levy 9, As 
the weeks passed, the material was dis¬ 
persed by east-west flows in Jupiter's 
stratosphere , 


comet crash” T-shirt. 

Although many of the scientists at 
the Division of Planetary Sciences meet¬ 
ing were seeing their colleagues 1 results 
for the first time, some indications of 
a consensus began to emerge. For in¬ 
stance, researchers are starting to home 
in on the exact nature of Shoemaker- 
Levy 9. Initial analyses of the debris 
kicked up by the impacts had shown no 
sign of water. Because normal comets 
are thought to contain ice, some re¬ 
searchers had proposed that Shoemak¬ 
er-Levy 9 might actually have been a 
fragmented asteroid. 

But G. L Bjoraker of the National Aero¬ 
nautics and Space Administration God¬ 
dard Space Flight Center reported that 
he saw distinct evidence of water, in a 
quantity equivalent to a kilometer-wide 
ball of ice. 'There's no deficiency of ice 
in that comet," declared Eugene M. Shoe¬ 
maker of Lowell Observatory, satisfied 
that the object bearing his name would 
not be downgraded to asteroid status. 
Other researchers detected a complex 
melange of Jupiter and bits of vapor¬ 
ized comet—metals, carbon monoxide 
and a great deal of sulfur. 

Astronomers are also beginning to 
arrive at a plausible explanation for the 
unexpected, vast, dark splotches that 
appeared on Jupiter after the crash. 
Carl Sagan of Cornell University argued 
that the patches probably consisted of 
carbon compounds derived from or¬ 
ganic molecules in the comet. By the 
end of the day, most of his colleagues 
seemed to agree. 

Other aspects of the crash, however, 
eluded explanation. The bright flashes 
and gargantuan plumes were the source 
of much debate. Heidi B. Hammel of 
the Massachusetts Institute of Technol¬ 
ogy presented evidence from the Hub¬ 
ble Space Telescope that all the plumes 
rose about 3,000 kilometers above the 
top of Jupiter's clouds—even though 
the fragments ranged greatly in size. 
Why should a small collision make as 
tall a splash as a big one? “You’ll have 
to ask the modelers," she shrugged. 
"But it's true." 

Furthermore, every researcher seemed 
to detect a slightly different pattern of 
flashes. Imke de Pater of the University 
of California at Berkeley described ob¬ 
servations made using the giant Keck 
telescope in Hawaii that showed that 
one piece of comet produced three flare- 
ups. She theorized that the fragment 
disintegrated into a stream of rubble 
1,800 kilometers long. The initial flare 
represented the first bits of comet hit¬ 


ting the far side of the planet. The sec¬ 
ond flare appeared when the resulting 
fireball rose into direct view* The final, 
brightest flash occurred when material 
fell back into the atmosphere, heating 
it to an incandescent glow* 

De Pater’s analysis resulted from a 
consultation with Mordecai-Mark Mac 
Low of the University of Chicago, who 
presented computer simulations of the 
impact. Mac Low fielded many ques¬ 
tions, but the astronomers in atten¬ 
dance seemed generally to accept his 
model Shoemaker remained skeptical. 
"It's nonsense,” he exclaimed, arguing 
that the returning material would not 
impart enough energy to cause intense 
flashes. A better understanding of the 
radiation pulses will clarify how energy 
spreads after huge impacts—including 
the ones that may have caused mass 
extinctions on the earth. 

The many remaining mysteries were 
accompanied by some magic. Hammel 
wowed the meeting with images of the 
dark splotches, many of which initially 
formed delicate rings and improbable 
“mustache" shapes. Andrew P. Ingersoll 
of the California Institute of Technology 
proposed that the complicated shapes 
resulted from material thrown up by the 
impact and from an associated gravity 
wave, a kind of up-and-down atmo¬ 
spheric disturbance. The waves pre¬ 
sumably caused vaporized organic ma¬ 
terial to condense high in Jupiter's at¬ 
mosphere. Hammel estimated that the 
initial “hole" in the atmosphere that had 
created the rings was some 500 kilo¬ 
meters wide—about the size of Texas. 

The day’s $64,000 question was, of 
course, how often giant comets are wont 
to crash into Jupiter—and, by extension, 
the earth. Chains of craters on Jupiter's 
moons appear to record the impacts of 
earlier comets, which, like Shoemaker- 
Levy 9, broke up into smaller pieces. 
Paul M. Schenk of the Lunar and Plane¬ 
tary Institute in Houston analyzed 
those craters and concluded that com¬ 
ets plow into the Jovian system remark¬ 
ably often: every 150 years or so. 

The lack of final answers did not faze 
anyone—Shoemaker least of all. "It was 
great; I was in heaven," he summed up 
after the scientific sessions. "Now 1 want 
the grand synthesis." Ingersoll also en¬ 
couraged an intensive effort to under¬ 
stand the observations because 'This 
may happen again.” He was thinking 
mainly about another event on Jupiter: 
his calculations indicate that the planet 
is at least 10,000 times (perhaps even a 
million times) as likely to be hit as the 
earth is. Bui his comment recalled the 
disconcerting possibility that nature’s 
next Halloween treat could land a little 
closer to home. —Corey S. Powell 
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Mystery of the Missing Dynamo 

Astronomers cannot explain the galaxy's magnetic field 


A planet, a star and a galaxy may 

/ V not look much alike. Yet each ro- 
/ \ tates and has a magnetic field. 
For decades, astrophysicists have held 
that the two attributes are related: mag¬ 
netic fields are generated by rotating 
charged particles, through a process 
called a dynamo. Now an increasingly 
vocal assortment of theorists is argu¬ 
ing that for the sun and the Milky Way— 
and by extension, for all stars and gal¬ 
axies—the usual dynamo mechanism 
falls apart. “It would take 10 26 years to 
create the Milky Way's magnetic field,” 
notes Russell M. Kuismd of Princeton 
University. The galaxy has been around 
for at most 10 10 years. 

"Fundamental dynamo theory is in 
big trouble, 11 agrees Patrick H. Diamond 
of the University of California at San 
Diego. And if the dynamo cannot be re¬ 
paired, astrophysicists will have no way 
of understanding how stars and galax¬ 
ies come to have their magnetic fields. 

Trouble is not new to dynamos. At its 
root is the tortuous behavior of a mag¬ 
netic-field line when it is embedded in 
a highly conducting fluid, such as that 
in a star or the interstellar medium. 
Charged particles spin around the line, 
trapping and forcing it to share the mo¬ 
tions of the plasma. But in 1934 Thomas 
G. Cowling of the University of Leeds in 
England proved that simple, symmetri¬ 
cal fluid flows cannot generate magnet¬ 
ic fields. The curse of this antidynamo 


theorem was lifted only in 1955, when 
Eugene N. Parker of the University' of 
Chicago described how turbulence in 
the hot, ionized atmosphere of the sun 
might amplify' a small primordial field, 

Parker's model, honed by Max Steen- 
beck and others at Potsdam University 
in Germany, became the favorite of as¬ 
trophysicists. Now researchers are sigh¬ 
ing that it, too, is doomed—by the very 
turbulence that saves it from the anti- 
dynamo theorem. 

Consider, for example, how the dyna¬ 
mo works in a galaxy. The galactic disk 
rotates more slowly at its outer edges. 
A field line that lies along a radius will 
be dragged around with the disk. Yet 
the line will trail at the edge and even¬ 
tually get wound into a tight spiral. The 
one line then passes repeatedly through 
each small region of plasma, mimick¬ 
ing many field lines and yielding a 
strong overall field. 

If a small loop of line happens to jut 
out of the plane of the galaxy, Coriolis 
forces (which determine the direction 
in which tornadoes twist) curl it in op¬ 
posite directions on either side of Lhe 
disk. Many such curls line up into ring¬ 
lets, creating magnetic fields along the 
axis of rotation. The twists, however, 
resist bending and tend to uncurl. To 
release tension without losing the axial 
field, the loops must migrate toward 
one another, break up and rejoin into 
larger loops. 


Here is the crunch. The field lines are 
trapped in the fluid, to an extent mea¬ 
sured by die magnetic Reynolds num¬ 
ber. This number increases with the 
electrical conductivity of the plasma 
and the physical extent of the magnetic 
field. In the earth's molten core the Rey¬ 
nolds number is about 100. In a star or 
galaxy where distances are enormous, 
Reynolds numbers of 10 10 or 10 19 , re¬ 
spectively, ensure that trapping is al¬ 
most complete. 

The curls may, however, diffuse and 
recombine if they are very small, so 
that effectively their Reynolds number 
is low. In a series of papers, Kuismd 
has shown that the twists wnuld then 
have to be so tightly wound that they 
would pull back, stop winding and halt 
the dynamo before it had generated 
any overall field for a galaxy. 

Samuel I. Vainshtein of the Universi¬ 
ty of Chicago argues further that the 
twists are fractal \see illustration below]. 
Extending to extremely small scales, they 
are even stiffen "These parasites eat up 
all the energy' and contribute nothing to 
the field," he chuckles. (They also ate 
up another popular dynamo invented 
by Vainshtein and Yakov B. Zd'dovich 
in 1972. In this model a magnetic-field 
loop is stretched out, twisted and fold¬ 
ed over repeatedly, thereby amplifying 
a small initial field.) 

Vainshtein recalls presenting his pre¬ 
liminary' ideas two years ago at a meet¬ 
ing held in Cambridge, England. “The 
astrophysical community was mad. 
They said, l What about the sun? Tt 
works there!"" But the solar dynamo, it 



FRACTAL LOOPS of magnetic fields (left) and electric current bringing it to a grinding halt. This simulation was provided 

(right) absorb all the energy in an astrophysical dynamo , by Fausto Cattaneo of the University of Chicago. 
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turns out, has some troubles of its own. 

The galactic dynamo, after all, has one 
small success. Philipp P, Kronberg of the 
University of Toronto, Richard Wielebin- 
ski of the Max Planck Institute for Ra¬ 
dioastronomy and others have found 
that the magnetic-field lines of the Milky 
Way lie along its spiral arms—wrapped 
around just as the dynamos would have 
it. Solar models, however, while explain- 
ing beautifully the 22-year sunspot cy¬ 
cle, were not so lucky. In the late 1980s 
heiioseismological data revealed that 
near its poles, the sun's rotation is slow¬ 
er at deeper layers. The modds required 
the inner rotation to be faster. 

Theorists have been quick to come to 
the dynamo's rescue. Parker speculates 
that the fast-moving gas of cosmic rays 
permeating the galaxy could blow out 
giant magnetic bubbles, which easily re¬ 
connect outside the disk. George B. Field 


of Harv ard University protests Kulsrud’s 
calculations, saying supernova explo¬ 
sions would greatly alter the energetics 
of the turbulent field. Or, as Ellen G. 
Zweibel of Lhe University of Colorado 
points out, collisions between charged 
ions and neutral atoms in the plasma 
could help the held lines diffuse faster. 
The nuts and bolts of the sun's dynamo 
could be hidden underneath the con¬ 
vective zone, as yet beyond the reach of 
sunquake studies. 

Few of these proposals are backed up 
with detailed calculations. The only oth¬ 
er explanation for astrophysical mag¬ 
netic fields is that they were created in 
the early universe. Still, these fields 
would extend no farther than the uni¬ 
verse did at the time—far too short to 
be galactic. Besides, no mechanisms for 
generating such strong fields are known. 
Small “seed” fields, which a dynamo 


might amplify, are easier to come by. 

indeed, the earth appears to possess 
the only dynamo that is not fatally 
flawed. Tornadoes in the molten core 
are said to create its dipole field, al¬ 
though questions persist about why 
the held sporadically flips. "I’m not an 
optimistic fellow," declares Paul H. Rob¬ 
erts of the University of California at 
Los Angeles. "But I think we'll get it 
right by the end of the century." Exper¬ 
imentally , fluid dynamos have not been 
demonstrated to work—apart from a 
dynamo (undesired) that reportedly 
started up in a nuclear reactor in Eelo- 
yarsk in the former Soviet Union. 

The geophysicist Waiter Elsasser once 
related to a friend Cowling's attempt to 
make a dynamo. “If that simple idea 
does not work,” remarked Albert Ein¬ 
stein, “then dynamo theory will not 
work either." —Madhusree Mukerjee 



Holes in Ozone Science 

Researchers look at loss of the protective layer above our heads 


C oncerns about the thinning ozone 
layer over Antarctica are familiar 
to most people. But part of the 
story is not so well known: the thinning 
in midlatitude regions, which include 
some of the most populated areas on 
the globe. And although the mechanism 
behind ozone depletion at the poles is 
generally understood, details of the pro¬ 
cess at mid latitudes remain obscure. 

Recently, however, a team of research¬ 
ers has begun to characterize the cycle 


of ozone loss and regeneration taking 
place right over our heads in the North¬ 
ern Hemisphere. The new findings de¬ 
scribe how several compounds, not 
solely the infamous ch loro fluorocar¬ 
bons (CFCs), contribute to such deple¬ 
tion. The results have significant impli¬ 
cations for a U.S, plan to build super¬ 
sonic commercial aircraft. 

Scientists and policymakers first con¬ 
sidered midlatitude ozone depletion in 
the early 1970s. They examined the en¬ 


vironmental impact of a fleet of air¬ 
planes that would fly faster than the 
speed of sound at altitudes ranging 
from 17 to 20 kilometers (the lower 
stratosphere). With few measurements 
to go on, most experts suspected that 
nitrogen oxides from the exhaust would 
prove to be the most significant de¬ 
stroyer of ozone. 

As it turned out, severe ozone deple¬ 
tion first surfaced in another comer of 
the planet. In 1985 the British Antarctic 
Survey discovered an ozone hole over 
the South Pole, and atmospheric scien¬ 
tists scrambled to determine what had 
produced it. By 1991 CFCs had been 
firmly established as the principal 
cause. These compounds contain 
chlorine, which can break apart the 
ozone molecule, 0 3 . This triad of 
oxygen absorbs ultraviolet (UV) 
light, using the energy to break 0 3 
into 0 and 0 2 and preventing harm¬ 
ful radiation from reaching the 
earth. CFCs and other chemicals 
prevent O and 0> from recombining 
and replenishing the ozone layer. 

The world continues to keep a 
close eye on the Southern strato¬ 
sphere. In 1993 ozone levels there 
dropped by around 60 percent. 
Perhaps because it is not character¬ 
ized by a gaping hole, midlatitude 
Lhirming has received Jess attention. 
Nevertheless, observations may 
point to a trend: between 1978 and 
1990 t ozone levels over NoTth 
America dropped by 0.5 percent 
per year. In 1993 the total loss 
reached 7.5 percent. 

To determine what underlies de¬ 
pletion in these regions, the Nation¬ 
al Aeronautics and Space Adminis¬ 
tration's Stratospheric Photochem- 


PRFPARING THE PLANE for its flight r -scientists load equipment into the craft's nose . 
The instruments will measure levels of hydrogen oxides, which account for up to SO 
percent of ozone loss in the lower stratosphere over mid latitude regions. 
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Fear and Self-Loathing in America 

The ll.S* is a nation of immigrants, but newcomers are not very popular 
these days—the passage of California's Proposition 187 is but one example 
(the law bars illegal immigrants from medical care and schooling), immi¬ 
grants are seen by many as usurping scarce jobs and draining government 
funds* In reality, according to recent studies by the Urban Institute in Wash¬ 
ington, D.C., this perception is skewed. 

Data show that immigrants create more 
jobs than they fill* In 1989 total immigrant 
income was $285 billion, about 8 percent of 
all reported income (immigrants make up 
7*9 percent of the population). Much of this 
money is spent on U.S. goods and services. 

As for public assistance, the share utilized 
by illegal immigrants is relatively small 
(right). —Marguerite Holloway 


NATIVES 

$26.4 BILLION 
(37.2%) 



LEGAL 

IMMIGRANTS 

$2,0 BILLION 

mS ( 6 . 6 %) 


ILLEGAL 
IMMIGRANTS 

$1*9 BILLION 
( 6 , 2 %) 


istry, Aerosols and Dynamics Expedi¬ 
tion Project sent nine flights into the 
midlatitude stratosphere during 1993* 
Scientists believe wanner temperatures, 
variable patterns of air movement and 
the presence of sulfuric add aerosol 
particles may differentiate midlatitude 
ozone loss from polar processes. So 
NASA's program measured concentra¬ 
tions of ozone, aerosol particles, nitro¬ 
gen oxides, hydrogen oxides and CFCs, 
among other compounds. 

According to Paul O, Wennberg of 
Harvard University, it appears that hy¬ 
drogen oxides—not nitrogen oxides— 
account for up to 50 percent of the 
ozone loss observed below 20 kilome¬ 
ters. Recent models had predicted this 
finding, but no one could measure hy¬ 
drogen oxides in the lower stratosphere, 
because they are present in such low 
concentrations. To address this prob¬ 
lem, the group, under the direction of 
James G* Anderson, developed a solid- 
state laser device able to record concen¬ 
trations below 0.1 part per trillion. 

The data further “show that there is 
a region where it might be safe to fly 
supersonic aircraft," where nitrogen ox¬ 
ides from exhaust should not be detri¬ 
mental, explains Harold S. Johnston of 
the University of California at Berkeley* 
What defines such a safe flying zone, 
however, seems to shift* New knowledge 
has brought the top of such a path up 
to an altitude of 20 kilometers from the 
13 kilometers cited in the 1970s, John¬ 
ston cautions that nitrogen oxides are 
still believed to be the most important 
ozone-destroying compounds above 30 
kilometers. 


The economic and political pressures 
to understand this particular chemistry 
are vast. A phalanx of, say, 500 high¬ 
speed planes could bring the U*S. air¬ 
line industry $100 billion in sales. For 
now, the supersonic jets must remain 
on the drawing board* Richard S. Stolar- 
ski of the NASA Goddard Space Flight 
Center points out that despite recent 
findings, extensive analysis of the air¬ 
planes’ environmental and economic 
viability is still necessary. 

The health effects of ozone depletion 
must also be considered* Reports of in¬ 
creased UV radiation reaching North 
America have been linked to falling 
stratospheric ozone levels. Researchers 
continue to study the possible long-term 
effects on plants and animals; exposure 
to high doses contributes to skin cancer 
and can weaken the immune system. 


And the links are not always straight¬ 
forward. A Canadian team led by Max 
L. Bothwell of the National Hydrology 
Research Institute in Saskatchewan re¬ 
ported last summer that higher UV ex¬ 
posure resulted in larger populations of 
algae* Apparently, the radiation harmed 
the insects grazing on the algae more 
than it damaged the algae. As Bothwell 
says, “The effects of UV radiation are 
more complex than we thought.* 
Indeed, the entire issue of ozone de¬ 
pletion over midlatitudes continues to 
reveal unexpected complexities. Ander¬ 
son sums up the problem faced by ev¬ 
eryone studying such depletion with 
one word: uncertainty* “We just do not 
understand the midlatitude strato¬ 
sphere from top to bottom,” he says. 
“Clearly, there is the potential for fur¬ 
ther surprise." Sasha Nemecek 


Seeing the Cells 
That See 

Ever since the eye's rods and cones 
were discovered, scientists have been 
trying to observe them alive and in 
action. But the retinal photoreceptors, 
which change light into electrical sig¬ 
nals the brain can process, are so tiny 
and their flashes of activity so brief 
that they have eluded researchers. 

Finally, last fall, a team led by David 
R. Williams of the University of Roches¬ 
ter managed to peek at and photo¬ 
graph human cones. As demonstrat¬ 
ed in this picture, researchers used a 
laser to illuminate the retina; a high- 
resolution camera, like those astron¬ 
omers use, recorded the image. The 
cones, shown here in the black-and- 
white inset, are three microns wide 
and are responsible for color and day¬ 
time vision. —Marguerite Holloway 
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THE ANALYTICAL ECONOMIST 


Derivatives: Not the Real Thing 



D uring the 1980s, junk bonds 
were perceived as either the 
snake oil that would destroy 
the stability of the financial world or 
the entrepreneurial grease that would 
lubricate wealth-building transactions 
old-line bankers were too stodgy to 
fund. Now so-called derivative securi¬ 
ties seem to be playing the same role. 
They offer marvelous opportunities to 
make money, but just as junk bonds 
left many investors holding worthless 
paper, derivatives have their downside. 
Trading volume is well over $10 tril¬ 
lion—approaching the combined gross 
national product of the U.S., Japan and 
Europe—most of it unregulated because 
government agencies have yet to catch 
up. Increasingly, observers have 
begun to worry' that a major 
misstep could vaporize finan¬ 
cial markets. 

Probably not, says Bhagw'an 
Chowdhry of the University of 
California at Los Angeles. For 
one, the amount of money at 
risk is usually only a tiny frac¬ 
tion of the trading volume—as 
little as a few thousand dollars 
on a $ 100-million deal. For an¬ 
other, unlike real markets, de¬ 
rivative markets are zero-sum: 
for every' big loser, there is also 
a big winner. Unless a player 
defaults (with debts exceeding 
assets), wealth can only be re¬ 
distributed, not created or de¬ 
stroyed. Meanwhile, according 
to Yale University economist 
Stephen A. Ross, derivatives attract in¬ 
vestors and so help money How more 
smoothly through markets. This effect, 
he claims, is "an unadulterated good," 
What is a derivative security anyway? 
The term does not come from the com¬ 
plex math that has made advanced de¬ 
grees in physics or computer science 
so valuable on Wall Street recently. In¬ 
stead it lumps together financial in¬ 
struments whose common feature is 
that their value is ultimately derived 
from other, securities, such as govern¬ 
ment bonds, stock in corporations or 
contracts to buy commodities such as 
gold, pork bellies or foreign currency. 
The simplest derivatives are futures, 
contracts that set a price today but 
specify acceptance or delivery months 
hence. A sausage maker might buy hog 
futures to protect himself from the 


chance that prices may go up, whereas 
a meat packer would sell them to en¬ 
sure against losses if the price goes 
down. A speculator might either buy or 
sell in the hope Lhat a change will allow 
her to make money by reversing the 
transaction tomorrow. 

Because every order to sell must be 
matched by an order to buy, derivative 
markets as a whole balance out to 
zero—as opposed to stock markets, 
where companies may issue shares re¬ 
gardless of whether there are buyers. 
As Chowdhry notes, the price of futures 
is constrained by the current cost of 
the underlying commodity. Otherwise, 
if the price of gold futures, say, rose 
above a certain point, speculators could 



EGGS OR HIGH FINANCE? The actual object underlying 
most derivatives is irrelevant to traders. 


profit by buying gold today and hold¬ 
ing it for sale on the delivery' date. 

One notch up in complexity, options 
confer the right to buy or sell stock 
(or other securities) at a fixed price for 
some period. They are bets on the 
stock's price, and the cost of the option 
is the ante for getting into the game. 

Simple derivatives such as futures 
and options have been around for cen¬ 
turies, In 1973 academic economists 
Fischer Black and Myron S. Scholes (now 
both on Wall Street) published Lheir 
eponymous formula, which put the val¬ 
ue of options on a firm mathematical 
foundation. Since then, economists and 
traders have developed far more com¬ 
plicated derivatives as well as analyti¬ 
cal tools to set their prices. 

Consider the interest-rate swap, as 
explained by Eduardo Schwartz, also at 


U.C.L.A. Company A wants to benefit 
from falling interest rates; B would like 
to protect itself against a possible rise. 
So A 'Tends 1 ' E $100 milli on at a fixed 
rate (say, 8 percent), and B "lends” A 
$100 million at a variable rate. Each 
month they balance accounts; if the 
variable rate is greater than 8 percent, 
A pays B the difference; if it is less, B 
pays A, Although the loan principal is 
recorded on the books of each compa¬ 
ny, Schwartz says, it is only "notional," 
an accounting fiction. 

In the derivatives market, these swaps 
take on a value of their own. Number 
crunchers can look at today's interest 
rates, figure out how much income a 
swap will generate and for whom, and 
can then seU the swap for an appropri¬ 
ate price. To add another layer of com¬ 
plexity, companies may exchange the 
payments from debts denominated in 
different currencies, the income from 
U.S. treasury bills for dividends gener¬ 
ated by a portfolio of Japanese stocks, 
or any other gizmo financial markets 
offer. Each combination allows 
the participants to trade a dif¬ 
ferent set of potential risks and 
benefits, and the only limit to 
the complications is "the hu¬ 
man mind,” Ross quips. 

What seems to be frighten¬ 
ing regulators is evidence that 
the minds of some humans in 
jp the market may already have 
| reached their limits. A Chilean 
| government employee traded 
| away nearly 0.5 percent of the 
« nation's GNP by playing copper 
5 futures, and the German con- 
S glomerate Metallgesellschaft 
|! lost $1.3 billion belting on the 
^ future price of oil. Although the 
losers in these two cases were 
able to pay off the market win¬ 
ners, the sheer volume of obli¬ 
gations produces anxiety. 

In theory', speculators can protect 
themselves against such risks by hedg¬ 
ing—purchasing derivatives whose val¬ 
ues rise or fall in opposition to one an¬ 
other, but in practice they may forgo the 
safely net for greater profits. If interest 
rates shifted sharply, for instance, the 
holder of one side of a swap might not 
be able to come up with the necessary 
payments, and then the fictional loans 
underlying the transaction would be¬ 
come an ugly reality. .Although all but a 
tiny fraction of the interlocking debts 
would cancel out, even that could cause 
the holder of the other side of the swap 
to default on its obligations, triggering 
a genera! collapse. Because few rules 
govern the derivative markets, no one 
knows for sure how great, or small, the 
risk may be. —Paul WaJlich 
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TECHNOLOGY AND BUSINESS 


Bellcore on the Block 

Second-largest US. industrial research center might be sold 



R obert W. Lucky shakes off a shiv¬ 
er as he sits down to talk about 
the future of Bell Communica¬ 
tions Research, the giant telecommuni¬ 
cations laboratory where he presides 
over applied research. Earlier that No¬ 
vember morning he had awakened to 
find his powerboat messing. High winds 
during the night had loosed it from its 
mooring on the Nave sink River in New 
Jersey. Lucky found the wayward craft 
drifting downstream, intact but power¬ 
less, its batteries dead. He had no choice 
but to plunge into the chill waters and 
swim home with the vessel in tow. 

The unpleasant 
adventure sounds a 
lot like Lucky’s job 
description. Bell¬ 
core is struggling 
through a storm of 
competitive maneu¬ 
vering as the Baby 
Bells that own it 
break their geo¬ 
graphical bounds 
and grasp for na¬ 
tional markets in 
wireless, video and 
data services, ‘‘The 
model that Bellcore 
was based on—sev¬ 
en owners with con¬ 
gruent interests—is 
certainly no longer 
the reality,” Lucky 
observes. Increasing 
competition among 
the telephone com¬ 
panies “makes it almosL untenable as 
time goes along. Each one wants pro¬ 
prietary solutions, unique advantages. 
And their biggest competitors are sit¬ 
ting across the [boardroom] table.” 

Many inside Bellcore and the larger 
research community believe the Bell 
companies—Pacific Bell, Southwestern 
Bell, U.S. West, Nynex, ReU Atlantic, Bell¬ 
South and Ameritech—are planning to 
cut the laboratory’ loose if a buyer can 
be found. George H. Heilmeier, the lab’s 
president and CEO, calls such talk pre¬ 
mature. The Bells “are still our owners,” 
he says. “There has been no indication— 
or rather no decision has been made to 
sell Bellcore." But Lucky confirms that 
“it is being studied” 

Some onlookers worry that “the great 
unmentionable,” as one Bellcore spokes¬ 


person refers to the prospect, might 
jeopardize the integrity of the national 
telephone network. “Our industry has 
relied on Bellcore to perform certain 
functions," says Kathleen Levitz of the 
Federal Communications Commission. 
Bellcore sets standards to ensure that 
equipment from different vendors works 
together reliably, especially in an emer¬ 
gency, such as an earthquake. It also 
administers a database of toll-free ser¬ 
vices and the area code and prefix plan. 

Yet in response to grumbling by non- 
BeO telephone companies, “there has al¬ 
ready been an evolution from reliance 


on Bellcore for many of these functions 
to industry forums,” Levitz reports. So 
long as any new owner has no major 
conflict of interest, it “would not need 
the rcc’s approval to consummate a 
sale of Bellcore," she says. 

New ownership would probably ac¬ 
celerate profound changes already un¬ 
der way at the lab. Since Heilmeier took 
over in 1991, he has tried to appease 
the Baby Bells 1 demands for more short¬ 
term results and has attempted to make 
the lab more self-sustaining. He cut Bell¬ 
core's staff by 28 percent, to 6,200. And 
he won permission from the directors 
to market Bellcore’s services interna¬ 
tionally to non-Bell companies. Such 
contracts now bring in about 16 percent 
of the lab’s SI-billion annual revenues. 

Most important, Heilmeier reversed 


Bellcore’s research emphasis from hard¬ 
ware to software. That strategy partial¬ 
ly circumvents one of Bellcore's great¬ 
est limitations: its legal prohibition, as 
a subsidiary of the Baby Bells, from de¬ 
signing or manufacturing tangible prod¬ 
ucts. That restriction would vanish if 
the Bells sold their stakes in Bellcore. 
In the meantime, Lucky has supervised 
what he calls “a shift from the physical 
to the virtual.” Software has grown to 
consume 70 percent of the lab's effort— 
and most of that is spent on produc¬ 
tion, rather than discovery and inven¬ 
tion. Today "research is only 10 percent 
of Bellcore,” Lucky says. 

What good research remains may be 
jeopardized by the uncertainty over 
Bellcore’s future. Until recently, the lab 
had a world-renowned group working 
on discrete math and theoretical com¬ 
puter science. The team was the pride 
of Bellcore. Such a resource “is very 
hard to cultivate but very easy to de¬ 
stroy," says Fan R. 
K. Chung, who as¬ 
sembled and led the 
crew but resigned 
this autumn. “It is 
widely known that 
we are in search of 
new owners," she 
states, "And there 
is no answer to the 
question of where 
we are going." Many 
of her dozen or so 
teammates have al¬ 
ready jumped ship. 
“More than half 
have left or are leav¬ 
ing,” she reports. 
“Of course, the best 
people leave first, 
because they have 
more options.” 

Bellcore’s sale 
could free it of an¬ 
other onerous restriction, one imposed 
by the Baby Bells. By charter, Bellcore 
can work only on the regulated side of 
the telephone business. Unregulated ar¬ 
eas such as personal communications 
services and video-on-demand—Lhe 
growing markets in which new' technol¬ 
ogy is most needed and valuable—have 
been ruled off limits. 

Converting Bellcore from central re¬ 
search facility to contract lab could 
solve that problem. Some of Bellcore's 
directors already seem to view Bellcore 
much like a contractor. Ross Ireland, 
Pacific Bell’s vice president for technol¬ 
ogy, points out that “there are a lot of 
good alternatives to Bellcore. Bell Labs, 
Bell Northern Research, Hewlett-Pack¬ 
ard Labs and Xerox PARC are all doing 
similar work." John F. Gamba, a senior 
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vice president at Bdl Atlantic, says "they 
are becoming much more like just an¬ 
other player.” And William B. Smith, 
chief information and technology offi¬ 
cer for US, West Communications, notes 
that “as far as I’m concerned, they are 
in open competition for our business." 

The flexibility and independence Bell¬ 
core might gain if it were set adrift 
would come at a steep price: the stabil¬ 
ity of its funding and thus the quality 


Of its research. “Contract research pos¬ 
es a whole new minefield of difficulties/ 1 
says Alan G. Chynoweth, who managed 
research at Bellcore from its concep¬ 
tion in 1983 until his retirement in late 
1992. “The opportunity is for Bellcore 
to become an industry-wide resource, 
not just for the regional Bells but for the 
nation, in making the information su¬ 
perhighways really work. Bellcore could 
have a tremendous role with its intimate 


knowledge of networks. But a contract 
basis is a much less secure base on 
which to support a quality research or¬ 
ganization.” Bellcore began imposing 
salary caps in November to cut costs. 

Lucky worries about this trend as 
well. “We are a microcosm of what’s 
happening throughout industry. 1 really 
am concerned about communications 
research in this country," he frowns. 
And shudders again. — W. Wayt Gibbs 


The Rights Stuff 

Buying and selling art in a digital world 


M useums and artists are not the 
only groups interested in get¬ 
ting art to the public. Motivat¬ 
ed perhaps more by the possibility of 
enriching their coffers than of elevating 
the human spirit, software companies 
are embarking on a new kind of art ac¬ 
quisition, procuring digital rights to 
paintings, sculptures and other objects. 
Ownership of those rights allows a 
company to post works of art on elec¬ 
tronic bulletin boards or to incorporate 
them in CD-ROMs and other multime¬ 
dia products. 

Museums have long granted publish¬ 
ers the right to reproduce images of 
their art holdings. But the electronic 
revolution is taking museums into un¬ 
charted legal and technological terrain. 
Curators worry about losing control of 
their collections: replicating and alter¬ 
ing masterpieces are much easier when 
the images are in digital form. And mu¬ 
seum directors, many of whom are un¬ 
familiar with multimedia, have to decide 
how r much to trust outside companies 
to disseminate the digitized versions of 
their holdings. By the end of 1995 there 
will be nearly 10 million CD-ROM- 
equipped computers in the U.S., twice 
as many as a year ago, so the stakes 
are high and rising. 


Issues surrounding digital-art rights 
surfaced in the late 1980s, when muse¬ 
ums and collections were contacted by 
a new player in the art world. Bill Gates, 
the founder of Microsoft Corporation, 
became interested in acquiring the 
rights to artworks that could form the 
basis for future software products. Be¬ 
cause the market for those images was 
far from clear, Microsoft’s board of di¬ 
rectors declined to fund the venture: 
Gates therefore created an independent 
company, Interactive Home Systems 
(IHS), to carry out his goal. 

Gates initially attempted to purchase 
exclusive digital rights; in other words, 
he asked museums to give up their 
Freedom to sell digitized images to any 
other company or to develop commer¬ 
cial products of their own. Gates was 
quickly rebuffed; his commercial au¬ 
dacity ran contrary to both the content 
and tone of normal requests for per¬ 
missions. Museum employees quietly 
mutter about the brusque and unin¬ 
formed attitude of some IHS represen¬ 
tatives. “You can call it cultural imperi¬ 
alism/' laughs Benjamin H. Davis of the 
Massachusetts Institute of Technology. 
“But IHS w ? as out to corner the market; 
that's what a company does/ 1 
IHS subsequently tamed its approach 
and has changed its 
name. In its new 
guise as Continu¬ 
um Productions, it 
shops for nonexclu¬ 
sive rights and has 
sharpened its art- 
world connections 
by hiring as an advis¬ 
er J. Carter Brown, 
former director of 
the National Gallery 
of Art in Washing¬ 
ton, D.C. Continu¬ 
um has struck deals 
with such collections 
as the Seattle Art 
Museum, the Nation¬ 
al Gallery' in London 


and the Barnes Foundation. It currently 
has some 200,000 images in its collec¬ 
tion, about 25,000 of which are fine art. 
Other holdings relate to science, music 
and history. Microsoft is counting on 
its clout in the software market to give 
it an edge in getting the images to the 
consumer. 

Who that consumer will be Is still a 
bit murky. Stephen B. Davis, Continu¬ 
um's director of strategic development, 
explains that the company’s vast col¬ 
lection will form two kinds of products. 
The first will be essentially a multimedia 
stock agency; the second will be a series 
of databases that he hopes to make 
available to the public, either via CD- 
ROM or through an electronic network. 

Not surprisingly, some of the first 
users of digitized art images are the 
museums themselves, eager to use the 
aura of high technology' to lure new 
visitors. Three years ago the Seattle Art 
Museum unveiled Viewpoint, an inter¬ 
active kiosk developed by Continuum. 
The touch-screen computer lets visitors 
browse through the holdings, much like 
using a computerized directory in a 
shopping mall. Britain’s National Gal¬ 
lery recently installed a comparable set¬ 
up, called Micro Gallery ; the National 
Gallery in Washington, D.C., is develop¬ 
ing a similar but more ambitious kiosk 
system. Both national galleries w r orked 
not with Continuum but with Cognitive 
Applications, a British software firm. 

Microsoft has taken a leading role in 
getting digital art out of the museum 
and into the hands of the public. The 
company bought the rights to the Brit¬ 
ish Micro Gallery and reengineered it 
into a CD-ROM. The resulting product, 
“Art Gallery/' has been a commercial 
hit, selling 100,000 copies. Gates does 
not have a lock on the art-software in¬ 
dustry', however. Digital Collections, for 
example, sells several art CD-ROMs, in¬ 
cluding one featuring works from the 
Frick Collection in New York City. Nu¬ 
merous digital-art encyclopedias, and 
even fine-art screen savers, are starting 
to appear in software stores. 

A proliferation of other publishers is 
keeping the market in flux, and muse¬ 
ums are, on the whole, carefully hedg- 


l Young Wat rut tt siuttiRtitf at a Virginal 


ITw iimlv itirwil bidy a nwnirt tinmrii 

t|j :i 1’Hilfl ►li nn f'.inilIcKp ku-iij, un iJw 


in iimntj If ft tiaJted un ilvlnllr arui 
jrul ofi ll» trtdtJjd iht t>:i I lukiir h U i 
Iwdftathkl VVhiippJ In llte i .uJlcrllUkv -1 > 
11 pswM o'jnMu in 4 t^wui, 



DIGITIZED ARTWORKS challenge the way that museums 
present and distribute images of their holdings. 
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Secrets in Stereogram 



T hey fit the profile of certain illicit drugs: ubiquitous, 
addictive, the cause of euphoria as well as irritability 
and lassitude. Like LSD, they are available as dots on pa¬ 
per But while stereograms seem psychedelic in origin, 
they are actually the product of psychology, military re¬ 
search and art. 

The popularity of three-dimensional viewing of two-di¬ 
mensional images dates to the early 1800s, when the ste¬ 
reoscope was invented. It was not until the 1950s, howev¬ 
er, that so-called random-dot stereograms, which resem¬ 


ble Jackson Pollack paintings, 
were created. At that time, ac¬ 
cording to the October 1994 
issue of the American Math- 
ematical Monthly ,; psycholo¬ 
gist and engineer Belajulesz 
looked through a stereoscope 
at two aerial photographs of 
camouflaged areas taken from 
slightly different angles. He 
noted that previously hidden 
tanks seemed to jump out. 
Julesz determined that depth 
perception did not take place 
in the eye but at a higher place 
in the brain. 

In 1 979 a former student of 
Julesz's, Christopher W. Tyler, 
| created the single-picture ste- 
133 reogram, akin to the one 
, shown here. Such images did 
^ not need the stereoscope; with 
| a little training, eyes could 
§ find the hidden three-dimen- 
| sronal picture, 

4 To see what all the hoopla is 
about, just cross your eyes un¬ 
til the two black dots above this image become four. Then, 
through luck or will, make the two central dots of your hal¬ 
lucination coalesce, until only three spots remain. Take an 
aspirin. Focus on the middle dot. When it is clear and un¬ 
moving, slowly bring your eyes down over the picture. You 
should see parts of the image bending concavely in the 
form of two marine mammals—unless you are part of the 
2 percent of the population that is stereoblind. Of course, 
it may be simpler to just hang out of a helicopter and look 
for camouflaged army equipment. — Marguerite Holloway 


ing their bets. “WeVe been approached 
by a lot of people. We're not doing any¬ 
thing that is either permanent or diffi¬ 
cult to back away from,” says Charles 
S, Moffett, director of the Phillips Collec¬ 
tion in Washington, D.C A few muse¬ 
ums—especially small, technologically 
aware ones, such as the Michael C Car¬ 
los Museum in Atlanta—are taking mat¬ 
ters into their own hands by making 
their collections available on the Inter¬ 
net via the World Wide Web. Even the 
Smithsonian Institution is getting in 
the act, offering digital images through 
America Online, 

Some critics worry that the limited 
resolution and poor color accuracy of 
computer monitors degrade the quality 
of the art. Most museums, however, 
seem firmly convinced that familiarity 
increases interest in the original work. 
A more serious concern involves main¬ 
taining control of images. One startling 
feature of Art Gallery—and of any un¬ 
protected CD-ROM—is that it allows 


users to copy the images off the disk 
and manipulate them on the computer. 
Drawing a mustache on the Mona Lisa 
has never been so easy. Defacing repro¬ 
ductions of great art is hardly a new 
game, but what is novel is the ability to 
create, save and erase the changes. 

The legal departments of museums 
are still coming to grips with the impli¬ 
cations of digitized artworks. They will 
have to determine which breaches of 
electronic rights they wish to pursue. "I 
don't know that there is a solution. Le¬ 
gally, you just go after the biggest of¬ 
fenders,” says .Alan B. Newman, execu¬ 
tive director of imaging at the Art Insti¬ 
tute of Chicago. Museums may try to 
attach copyright tags to images that 
they post through the Internet, as the 
Smithsonian does. 

As Ben Davis points out, digitized art 
“is a medium you can literally do any¬ 
thing with: it's transmissible, it's alter¬ 
able, you can make new art out of it,” 
Already lawsuits are blooming over the 


appearance of pirated cartoon charac¬ 
ters and scanned-in Playboy nudes on 
the Internet; manipulated fine-art imag¬ 
es are also beginning to show up. The 
limited resolution of current CD-ROM 
or on-line images restricts their useful¬ 
ness. But soon it will be easy to store 
and transmit publication-quality digi¬ 
tized artworks. Some computer-literate 
museum employees are starting to 
think about ways to encrypt such im¬ 
ages so that only authorized users can 
look at them. 

Last summer the Association of Art 
Museum Directors held a special meet¬ 
ing, “Art Museums on the Information 
Superhighway,” to consider the philo¬ 
sophical implications of digital art and 
to sort out questions about image own¬ 
ership in the electronic age. “The com¬ 
puter makes capitalism very transpar¬ 
ent—it's all about property rights,” Ben 
Davis reflects, “The problem is, muse¬ 
ums don't see themselves in the art-in- 
forma tion business.” —Corey S. Powell 
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On the Road to Nowhere? 

Management failures hold up the development of a dean car 


W atchdog groups and conspira¬ 
cy nuts alike wondered wheth¬ 
er the Big Three automakers 
were merely deflecting political heat 
when they agreed in September 1993 
to develop a super efficient “clean” car. 
The manufacturers have, after all, suc¬ 
cessfully defeated legislative attempts 
to reduce fuel consumption. A review 
published by the National Research 
Council in November seems to bear out 
the skeptics* fears: the corporate and 
federal collaboration, called the Partner¬ 
ship for a New Generation of Vehicles 
(PNGV), is earning mixed grades. 

The nrc committee concludes that 
neither the government nor the compa¬ 
nies have adequate management struc¬ 
tures in place. That situation "may con¬ 
tribute to the apparent absence of 
specific program plans.” In addition, be¬ 
cause of the confidentiality of projects 
funded by industry, the nrc declared it¬ 
self “unable to assess the suitability of 
the timing or adequacy of the industry 
funding." Although the PNGV partners 
have pledged to collaborate, the report 
goes on to charge that “antitrust laws 
and basic competitive and proprietary 
interests tend to limit the sharing of 
technologies and information between 
companies." 

Nevertheless, not all the news is bad. 
On the technical side, the PNGV does 
appear to have considered how to reach 
its goals—although nobody will be 
bending metal or plastic to build dean 
cars in the near future. Plans call for 
the development by 2004 of a proto¬ 


type suitable for mass production with 
three times the fuel efficiency of today’s 
models. Although tripling mileage per 
gallon could be done with current tech¬ 
nology, the PNGV version must per¬ 
form as well as contemporary gas guz¬ 
zlers and cost no more. 

The offidal PNGV line is that no deci¬ 
sions have been made about design. But 
the prototype will probably be a “light 
hybrid," says Henry Kelly, an offidal in 
the Office of Science and Technology 
Policy. Electric motors, which can oper¬ 
ate at high efficiency, are an obvious 
choice for a low-pollution vehicle. Bat¬ 
teries that could store energy for a full 
day’s drive are, however, too heavy. Hy¬ 
brid designs obviate this problem by 
using an auxiliary power source. This 
secondary unit produces electridty 
that drives the primary motor. The 
supplemental source might be a fuel 
cell, which produces electricity by com¬ 
bining hydrogen and oxygen. Or it 
might consist of a generator driven by 
a high-efficiency internal-combustion 
engine or gas turbine. 

Hybrid cars already exist, although 
they are not close to achieving the 
PNGV's requirements on cost and per¬ 
formance. Reaching those targets will 
require at least one quantum jump in a 
critical technology, says Paul B. Mae- 
Cready of AeroVironment in Monrovia, 
Calif. Nevertheless, he adds, plenty of 
promising approaches have not yet 
been investigated thoroughly. The PNGV 
target “requires a lot of government 
money, because until the leap happens, 


the process won't be market driven,” 
MacCready argues. 

The controller for the electric motor 
may represent the biggest challenge. 
According to Kelly, the only way it could 
operate well enough is for it to be a 
“smart" device that constantly assesses 
driving conditions and battery-charge 
levels. Capturing and storing the energy 
released in braking poses another chal¬ 
lenge—although flywheels or high-pow- 
er batteries might he up to the task. En¬ 
ergy losses must also be reduced: tires 
could be improved to cut resistance, 
and aerodynamic drag could be slashed 
by careful design. “All these things can 
be pushed further than they have been,” 
MacCready notes. 

Because PNGV's program calls for re¬ 
ducing the weight of vehicles by up to 
40 percent, experts say high-tech mate¬ 
rials will be crucial. Amory Lovins, re¬ 
search director at the Rocky Mountain 
Institute in Colorado, argues that ultra- 
lightweight compounds such as poly¬ 
mers could bring about reductions of 
more than 70 percent. If Lovins is right, 
future cars might weigh in at 400 kilo¬ 
grams, instead of the current 1,400 kilo¬ 
grams. Lovins calculates that the PNGV 
prototype could be between five and 
20 times more efficient than vehicles 
now on the road. 

Lovins also maintains it will be possi¬ 
ble to hold down the price of such a ve¬ 
hicle. "The best way to make a car cheap 
is to use expensive materials," he pro¬ 
claims. His logic is that only small 
amounts of such materials wiE be need¬ 
ed. Lifetime costs could be reduced if 
autos were equipped with more sophis¬ 
ticated systems to diagnose faults and 
engineered to ease service, Lovins spec¬ 
ulates. The PNGV has not overtly em¬ 
braced Lovins's ultralight gospel. But 
Lovins believes there is a “convergence*' 
of opinion. "It's all right now for engi¬ 
neers to create original thoughts, and 
for the first time, military, aerospace 
and national lab composite experts are 
talking to the car guys," he says. 

Even though the ideal car must be 
relatively cheap for consumers, decid¬ 
ing how to build it is expensive. The 
nrc report states that the PNGV needs 
further congressional support as well 
as a federally controlled line-item bud¬ 
get. So far the partnership has identi¬ 
fied about $300 million a year of feder- 
| al and industry research that could, in 
£ principle, lead it toward its goal, says 
| Tim Adams of Chrysler Corporation. By 
next year the program could be coordi¬ 
nating research worth more than $500 
million annually. But if the nrc is right, 



HYBRID RACING CAR recently designed by Chrysler Corporation uses a natural gas more money may do little: unless the 
engine and an electromechanical battery*, or flywheel. Passenger models using a hv bureaucrats get organized, the dean car 
brid approach are being studied by (he Partnership for a New Generation of Vehicles , will remain stalled. — Tim Beardsley 
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Invasion of the Bean Counters 

Physician profiles—the good , the had and the unadjusted 


H ow good is your doctor? You 
may be unable to answer that 
question, but many insurance 
companies and health maintenance or¬ 
ganizations (HMOs) have no such linger¬ 
ing doubts. They are hiring and firing— 
the polite term is "deselecting”—doc¬ 
tors based on statistical analyses of 
their practice patterns. Patients may no 
longer be reimbursed for consulting de¬ 
selected physicians. 

Doctors in Texas, Tennessee, Wash¬ 
ington, D,C., and elsewhere have chal¬ 
lenged deselections in court. At issue 
are the criteria used to decide who stays 
and who goes. In the District of Colum¬ 
bia, Blue Cross and Blue Shield report¬ 
edly spared physicians with prestigious 
practices the detailed examinations that 
others underwent. 

In another instance, Cigna initially 
dropped almost all its contracts with 
black doctors In Kansas City, The case 
is enlightening because no one contends 
the insurer used race as a criterion. In¬ 
stead it cut off doctors who were too 
expensive; observers say the ranking 
just happened to hit one race particu¬ 
larly hard. Because medical needs vary 
sharply according to a patient's age and 
illness, physicians who treat an older or 
sicker population may cost a company 
more per patient than those who deal 
with the young and healthy. 

Indeed, Susanne Salem-Schatz and 
her colleagues at the Harvard Commu¬ 
nity Health Plan studied their group's 
doctors and found that adjusting for 
case mix could completely reverse a 
physician's profile. They measured the 
percentage of patients that each doctor 
referred to a specialist—many profiles 
downgrade physicians who refer more 
patients because specialists are expen¬ 
sive. When the figures were adjusted 
for the age and sex of patients, a quar¬ 
ter of the doctors stood out as signifi¬ 
cantly more free-spending than average 
and a similar number as significantly 
less likely to refer. 

Taking into account the severity' of 
each patient's illness reduced the frac¬ 
tion of outliers almost by half. Even 
more important, some physicians who 
initially appeared to be parsimonious 
with referrals ended up at the spend¬ 
thrift end of the new ranking. 

Case-mix adjustment is crucial to fig¬ 
uring out how expensive doctors real¬ 
ly are or how well they treat their pa¬ 
tients—and it is often the only informa¬ 
tion available cheaply. But "there are a 
number of systematic flaws in insur¬ 
ance-based data," says Deborah W, Gar- 


nick of Brandeis University. The analyses 
are only as good as the diagnostic codes 
that physicians put on their forms. 

Jonathan P. Weiner and his co-work- 
ers at Johns Hopkins University have 
developed a system that translates the 
billions of codes to 50 ambulatory 7 care 
groups (ACCs) that portray the approx¬ 
imate severity of each patient's condi¬ 
tion. A health plan can compare differ¬ 
ent doctors' performance on patients in 
the same ACG category' and get a fairly 
good idea of their relative standing, 
Weiner says. Blue Cross/Blue Shield of 
North Carolina, for example, is using 
ACG profiles to determine bonuses for 
its HMO physicians. 

In the past, doctors chided for spend¬ 
ing too much money would simply 
contend that their patients were sicker, 
according to Don W. Bradley of North 
Carolina Blue Cross/Blue Shield. ACG 
adjustments have proved many of them 
right, he says, and for the remainder, 
the profiles have far more credibility. 
Meanwhile doctors who appeared ex¬ 
ceptionally effective in unadjusted rank¬ 
ings can now be seen as the beneficia¬ 
ries of healthy clients. 

Dan L Gunselman, who helped to 
put this case-mix adjustment system 
in place, comments that it still has its 
weaknesses, especially in accounting for 
catastrophic ailments. "If someone gets 


in an auto accident and needs $500,000 
worth of treatments," he points out, no 
amount of adjustment will restore the 
primary 7 physician's cost profile. Gunsel¬ 
man is looking for ways to make more 
sophisticated compensations. 

There win always be some variation 
that cannot be accounted for. "No sys¬ 
tem will get the nuances," Weiner says. 
That is why he and others oppose us¬ 
ing profiles alone to decide which doc¬ 
tors to hire and fire. Instead of making 
decisions based on ACGs or any single 
criterion, he contends, HMOs and in¬ 
surers should use profiles as a quick 
way to find doctors whose records— 
good or bad—deserve further attention. 

Salem-Schatz is of like mind. Physi¬ 
cians often do not know how their pat¬ 
terns of practice compare with those of 
their peers, she says, and medical man¬ 
agers' first use of profiles should be to 
provide that feedback. The North Car¬ 
olina Blue Cross/Blue Shield HMO gives 
its doctors a report card every six 
months; if censures those who spend 
too little on their patients as well as 
those who appear to spend too much. 

While health plans compile data on 
their doctors, consumer organizations 
have begun to gather information on 
the health plans. The National Commit¬ 
tee for Qualify Assurance has put to¬ 
gether a report card of items that em¬ 
ployers and patients can demand from 
insurance companies and HMOs to see 
how well they are doing. Deselection 
can go many ways. —Paul Wallich 


Food for Thought 


A lert the CJ.A., that 
l is, the Culinary In¬ 



stitute of America. The 
Environmental Protec¬ 
tion Agency has pro¬ 
posed removing sever¬ 
al substances from its 
some 22,000-item-long 
list of registered pes¬ 
ticides. If the proposal 
is approved, companies 
or individuals wishing 
to use, distribute or sell 
any of the following 
compounds to kill un¬ 
welcome guests, such 
as vermin or weeds, will 
no longer be required 
to conduct the more than 75 toxicity tests often needed for each registered 
substance. They will no longer be obliged to endure the sometimes several- 
year process of having the pesticide approved and federally licensed. The 
pesticides under review include castor oil, cinnamon, cloves, corn oil, dried 
blood, garlic, mint, peppermint, putrescent whole egg solids, rosemary, 
sesame, soybean oil and white pepper. —Marguerite Holloway 
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Vm PROFILE: WALTER H. MUNK 



The Man Who Would Hear Ocean Temperatures 


W alter H. Munk is ripping off his 
necktie. “I had to give a talk 
earlier,” he explains almost 
apologetically. Southern California ca¬ 
sual appears to rule in Munk's office, 
where the sound of the surf and the 
smell of the sea relax even the most anx¬ 
iety-ridden visitor from the Northeast. 

Despite the surrounding calm, the 
spry 77-year-old Munk charges ahead 
in his tasks, as he has for more than 
half a century at the Scripps Institution 
of Oceanography in La Jolla, Calif. Gra¬ 
cious and quick to smile, he leads me on 
a tour midway through our interview, 
eager to show off his institute and the 


have sprung into action. “Our plan is to 
persuade the navy to give it to us,” Munk 
comments. Scientists could then listen 
for undersea earthquakes and monitor 
the migration of marine mammals. 

Munk's persistence is not surprising. 
Associates have described him—in a 
positive way—as a consummate sales¬ 
man. His irresistible, infectious enthu¬ 
siasm for what he does has won over 
many researchers and funding admin¬ 
istrators. Indeed, Munk has been called 
one of tiie most influential oceanogra¬ 
phers alive. “You say it in front of my 
wife tonight, and l know what she will 
say,” Munk predicts. "Some four-letter 


posed experiment as deadly to marine 
mammals. To test climate models, Munk 
and his co-workers want to fire low-fre¬ 
quency sound waves off Kauai, Hawaii, 
and Point Sur, Calif. At a certain depth 
in the ocean, the temperature and pres¬ 
sure allow sound to travel thousands 
of kilometers without significant atten¬ 
uation. Because sound moves faster In 
warm water than in cold water, changes 
in its average velocity can be measured 
over many years. The goal of the proj¬ 
ect, called acoustic thermometry of the 
ocean climate (ATOC), is to verify pre¬ 
dictions by climate models that global 
warming is occurring. 

Legal maneuvers and political action 
have already delayed the project by 
more than two years. Opponents argue 
that the rumbles could harm whales by 
disrupting their communication or by 
deafening and possibly killing them. 
“Certainly, whales can hear for several 



OCEANOGRAPHER Walter H. Munk navigates by ship and 
scooter to study the earth and its waters . 


cable-stayed bridge that con¬ 
nects it to the newer parts of 
Scripps. He explains how he and his 
wife, Judith, an architect by training, 
helped to design the center, whose 
buddings are carved into the uneven 
slopes of the coastline. 

Matters of the high seas, however, 
make Munk most comfortable. While I 
sip the coffee he has poured me, Munk 
checks his electronic mad. “We heard 
yesterday that the U.5. Navy is planning 
to close their listening station at Ber¬ 
muda,” he reports in his slightly Austri¬ 
an accent. Dismantling the post—origi¬ 
nally designed to locate Soviet subma¬ 
rines—would take place in less than two 
weeks, and Munk and his codeagues 


word.” (At dinner later, his wife resists, 
declaring she does not know me well 
enough.) 

"What makes him a good scientist,” 
remarks Carl Wunsch of the Massachu¬ 
setts Institute of Technology and a 
longtime collaborator, “is his abdity to 
see right through the math, to what it 
means physically.” Munk's work has gar¬ 
nered him more than two dozen hon¬ 
ors and awards, including the Vetlesen 
Prize, sometimes called the Nobel in 
earth science. 

Nevertheless, Munk’s stature received 
a bit of bruising recently. Environmen¬ 
tal groups characterized Ms latest pro- 


tens of kilometers, and it 
might interfere with their mat¬ 
ing and feeding habits,” Munk acknowl¬ 
edges. “It’s a legitimate concern.” 

But one that has been blown out of 
proportion, the oceanographer insists. 
“It started out because there was a mis¬ 
take made,” Munk says. A postdoctoral 
student had the units wrong. “We would 
be transmitting 250 watts acoustic,” 
Munk explains. “You don’t physically 
damage at 250 watts, just as 1 don't 
physicady damage you by talking to 
you." It would sound like a very loud 
orchestra a few meters away. “You 
wouldn’t like it,” he assures me, hut the 
volume would do no harm. The student 
thought the level would be 250 million 
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M unk’s first oceanographic expedition, in 1940 


watts, which would be fa¬ 
tal to any life nearby. A 
story in the Los Angeles 
Times set off the reaction 
that threatened ATGC 

The uproar caught the 
investigators off guard. 

"We've been working in 
the field for years without 
any problems,” Munk 
points out. A dry run of 
ATOC in 1991 did not re¬ 
veal any danger. Conduct- 
ed off Heard Island near 
Antarctica in the southern 
Indian Ocean, the experi¬ 
ment blasted sound waves 
that were heard across the 
world, proving the feasi¬ 
bility of measuring ocean 
temperatures acoustically. Munk had 
arranged for marine biologists to mon¬ 
itor any effects on whales: "It was 1,000 
times louder than what we want to do 
now, and we didn't cause any distress to 
the marine mammals,” Munk also claims 
that other sources are far more disrup¬ 
tive, “We are about as loud as a tanker, 
and there are 1,000 tankers in the world. 
And tankers go 24 hours a day. As now 
proposed, we would be transmitting 
only 2 percent of the time, so we’d be 
very much less than a tanker.” 

Part of the trouble stems from lan¬ 
guage in the environmental impact 
statements, which declare that the ex¬ 
periment may “take” several hundred 
thousand mammals. In addition to 
death, the word meant any effect on be¬ 
havior. “If you turn on your source and 
a whale changes its course by 10 de¬ 
grees, you’ve taken him, by definition,” 
Munk elaborates. 

The controversy has abated, although 
at least one advocacy group remains, in 
Munk’s words, "hostile, 1 ' After obtaining 
the requisite permits, the ATOC work¬ 
ers hope to set sail this spring. "On the 
other hand, almost anyone can sue us,” 
Munk observes. “You know, Seripps 
was concerned about the environment 
before the word ‘environmentalist’ had 
ever been used. To accuse the institu¬ 
tion of being engaged in wholesale 
slaughter 1 think is terribly insulting.” 

Munk never anticipated that he w r ould 
become an oceanographer. “I really grew' 
up being interested only in skiing and 
tennis. Certainly not science,” he states. 
Ilis Viennese upbringing centered 
around finance. His grandfather was a 
banker who left enough money to pro¬ 
vide for his children as well as a thriv¬ 
ing branch in New York City. So ai age 
14 Munk was shipped to U.S. shores. “I 
was supposed to follow him,” he la¬ 
ments. “My mother was kind enough to 
say that if I gave it a real try for a cou¬ 


ple of years and didn’t want it, 1 could 
do whatever I wanted. 1 didn't like it all. 
Gee, I never liked banks—they're bor¬ 
ing.” Munk chuckles, "The only time 
banks are willing to lend you money is 
when you don't need it." 

Driven by ennui, Munk decided to get 
as far away from New York as possible. 
“I read the brochures and fell in love 
with those wonderful California names 
like Pasadena, San Marino. And the pic¬ 
tures Looked very romantic." He ended 
up on the steps of the California Insti¬ 
tute of Technology. “I was terribly 
naive,” Munk reminisces. “I hadn't ap¬ 
plied. I just showed up and knocked on 
the dean's door, I thought that was all 
it took,” Perhaps amazed at the naive¬ 
te, the dean gave him an entrance ex¬ 
amination, which Munk barely man¬ 
aged to pass. 

Once enrobed, he studied applied 
physics, contemplating a career in geo¬ 
physics. That notion quickly shifted. “1 
had a girlfriend whose grandparents 
were living in La Jolla, and she spent the 
summers there." Munk trailed her, tak¬ 
ing a job at Seripps to pay for his living 
expenses. The woman dropped out of 
his life, but he liked Seripps so much 
that he returned to earn his doctorate 
under oceanographer Harald Sverdrup. 

It was during World War II that Munk 
began a lifelong association with the 
navy. "I joined the army because I 
thought the end of the world w r as com¬ 
ing. Then the navy started some anti- 
submarine warfare,” in which Roger Re- 
velle, the late former director of Seripps, 
and Sverdrup were involved. They re¬ 
quested Munk be discharged from the 
army so that he could work alongside 
them. The switch was fortuitous. A few 
days later the Japanese attacked Pearl 
Harbor. “My unit had gone to New Guin¬ 
ea and was wiped out," Munk recalls. 
With Sverdrup, Munk predicted the oc¬ 
currence of suitable waves that enabled 


Allied amphibious landings 
in northwestern Africa. 

His military work consti¬ 
tutes only a small percent¬ 
age of his contributions to 
earth science. "You'll see 
that I've been a dabbler,” 
Munk remarks. “1 do some¬ 
thing for 10 years, then 1 

* do something else." With 
i Seripps geophysicist Gor- 

* don J. MacDonald, he ex- 
S plained in the 1950s why 
^ the earth's axis wobbles 
f and its spin varies slightly. 
| In the 1960s he showed 
g that storms near Antarcti¬ 
ca give rise to the long, reg¬ 
ular train of swells that 
rolls into southern Califor¬ 
nia during the summer. In the 1970s he 
worked with Wunsch to develop ocean 
acoustic tomography. The technique, 
which relies on sound waves to create 
three-dimensional maps of ocean tem¬ 
perature and currents, led Munk directly 
to his present work on ocean climate. 

“The inevitable outcome is that I 
don't do anything very well, because I 
don't stick with it long enough,” Munk 
chides himself. “I'm not much of a 
scholar. 1 don't like to read. I like to 
work in a field that has nothing pub¬ 
lished, where you have to figure it out 
for yourself." 

After dinner, Judith Munk leads the 
way to the deck to show me what they 
have chiseled into their backyard: an 
elegant amphitheater, large enough to 
accommodate 100 guests. Having been 
stricken with polio, she relies on a 
wheelchair for mobility'. “We live very 
near to Jonas Salk,” Walter mentions, 
“and we often accuse him if he hadn't 
been so damn lazy, if he had gotten his 
thing out a couple of years sooner, Judy 
wouldn't have come down with it.” 
Munk laughs and throws up his hands: 
“He pleads guilty.” 

Although not a scientist, Judith has 
been instrumental in Walter's career— 
from taking the 4 A.M. ocean-sw r ell 
watch in the Samoa Islands to influenc¬ 
ing his thinking. "She has tremendous¬ 
ly good common sense," Munk says. 
“She tells me when I do something stu¬ 
pid.” Neither of the couple's two daugh¬ 
ters is a scientist, although Walter likes 
to point out that one is married to a 
chemist. 

On the deck, Judith encourages me 
to remove the drop cloth draped over 
the telescope that points out to sea. 
Only the Light from a distant helicopter 
pierces the dark Pacific sky. By day the 
view' of the ocean must be spectacular. 
"1 love going to sea,” Walter Munk mus¬ 
es. "It's a wonderful job.” —Philip Yam 
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Ensuring the Longevity 
of Digital Documents 

The digital medium is replacing paper in a 
dramatic record-keeping revolution. But such 
documents may be lost unless we act now 


T he year is 2045, and my grand¬ 
children (as yet unborn) axe ex¬ 
ploring the attic of my house (as 
yet unbought). They find a Letter dated 
1995 and a CD-ROM. The letter says 
the disk contains a document that pro¬ 
vides the key to obtaining my Fortune 
(as yet unearned). My grandchildren are 
understandably excited, but they have 
never before seen a CD—except in old 
movies. Even if they can find a suitable 
disk drive, how will they run the soft¬ 
ware necessary to interpret what is on 
the disk? How can they read my obso¬ 
lete digital document? 

This imaginary scenario reveals some 
fundamental problems with digital doc¬ 
uments. Without the explanatory letter, 
my grandchildren would have no reason 
to think the disk in my attic was worth 
deciphering. The letter possesses the 
enviable quality of being readable with 
no machinery, tools or special knowl¬ 
edge beyond that of English. Because 
digital information can be copied and 
rccopied perfectly, it is often extolled 
for its supposed longevity. The truth, 
however, is that because of changing 
hardware and software, only the letter 
will be immediately intelligible 50 years 
from now. 

Information technology is revolution¬ 
izing our concept of record keeping in 
an upheaval as great as the introduction 
of printing, if not of writing itself. The 
current generation of digital records has 
unique historical significance. Yet these 


by Jeff Rothenberg 

documents are far more fragile than 
paper, placing the chronicle of our en¬ 
tire period in jeopardy. 

My concern is not unjustified. There 
have already been several potential dis¬ 
asters, A 1990 House of Representa¬ 
tives report describes the narrow es¬ 
cape of the 1960 U.S. Census data. The 
tabulations were originally stored on 
tapes that became obsolete faster than 
expected as revised recording formats 
supplanted existing ones (although most 
of the information was successfully 
transferred to newer media). The report 
notes other dose calls as well, involving 
tapes of the Department of Health and 
Human Services; hies from the Nation¬ 
al Commission on Marijuana and Drug 
Abuse, the Public Land Law Redew 
Commission and other agencies; the 
Combat Area Casualty file containing 
F.O.W. and M.LA. records for the Viet¬ 
nam War; and herbicide information 
needed to analyze the impact of Agent 
Orange. Scientific data are in similar 
jeopardy, as irreplaceable records of 
numerous experiments conducted by 
the National Aeronautics and Space Ad¬ 
ministration and other organizations 
age into oblivion. 

So far the undisputed losses are few. 
But the significance of many digital doc¬ 
uments—those we consider too unim¬ 
portant to archive—may become ap¬ 
parent only long after they become un¬ 
readable. Unfortunately, many of the 
traditional methods developed for ar¬ 


chiving printed matter are not applica¬ 
ble to electronic files. The content and 
historical value of thousands of records, 
databases and personal documents may 
be irretrievably lost to future genera¬ 
tions if we do not take steps to preserve 
them now. 

From Here to Eternity 

A lthough digital information is theo- 
l retically invulnerable to the ravag¬ 
es of time, the physical media on which 
it is stored are far from eternal. If the 
optical CD in my attic were a magnetic 
disk, attempting to read it would prob¬ 
ably be futile. Stray magnetic fields, ox¬ 
idation and material decay can easily 
erase such disks. The contents of most 
digital media evaporate long before 
words written on high-quality paper. 
They often become unusably obsolete 
even sooner, as media are superseded 
by new, incompatible formats—how 
many readers remember eight-inch flop¬ 
py disks? It is only slightly facetious to 
say that digital information lasts forev¬ 
er—or five years, whichever comes first. 

Yet neither the physical fragility of 
digital media nor their lemmingllke ten¬ 
dency toward obsolescence constitutes 
the worst of my grandchildren's prob¬ 
lems. My progeny must not only extract 
the content of the disk but must also in¬ 
terpret it correctly. To understand their 
predicament, we need to examine the 
nature of digital storage. Digital infor- 
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mation can be saved on any medium 
that is able to represent the binary dig¬ 
its {“bits' 1 ) 0 and 1. We will call an in¬ 
tended, meaningful sequence of bits, 
with no intervening spaces, punctua¬ 
tion or formatting, a bit stream. 

Retrieving a bit stream requires a 
hardware device, such as a disk drive, 
and special circuitry for reading the 
physical representation of the bits from 
the medium. Accessing the device from 
a given computer also requires a “driv¬ 
er" program. After the bit stream is re¬ 
trieved, it must still be interpreted. This 
task is not straightforward, because a 
given bit stream can represent almost 
anything—from a sequence of integers 


to an array of dots in a pointillist-style 
image. 

Furthermore, interpreting a bit stream 
depends on understanding its implicit 
structure, which cannot explicitly be 
represented in the stream. A bit stream 
that represents a sequence of alphabet¬ 


ic characters may consist of fixed-length 
chunks (“bytes"), each representing a 
code for a single character. For instance, 
in one current scheme, the eight bits 
01110001 stand for the letter q. To ex¬ 
tract the bytes from the bit stream, 
thereby “parsing" the stream into its 



OBSOLESCENCE plagues digital media. Those shown have al¬ 
ready failed to remain readable for one hundredth the time 
that the Rosetta Stone has. The classical Greek script in the 
stone, which was found in 1799 in Egypt by a French military 


demolition squad, made hieroglyphics and demotic Egyptian 
comprehensible. Besides being legible after 22 centuries, the 
Rosetta Stone (a replica here) owes its preservation to the vk 
sual impact of its content—an attribute absent in digital media. 
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MEDIUM 



MAGNETIC TAPE 



5 YEARS 
1 YEAR 


TIME UNTIL 
OBSOLETE 

PHYSICAL LIFETIME 


VIDEOTAPE 



5 YEARS 
1 TO 2 YEARS 


MAGNETIC DISK 



'Mrisufti 


5 YEARS 
5 TO 10 YEARS 


OPTICAL DISK 



10 YEARS 

30 YEARS 

1 I i 

12 16 
YEARS 


i 

20 


24 


28 


EXPECTED LIFETIMES of common digital storage media are estimated conserva¬ 
tively to guarantee that none of the data are lost. (Analog tapes, such as those used 
for audio recordings, remain playable for many years because they record more 
robust signals that degrade more gradually.) The estimated lime to obsolescence 
for each medium refers to a particular recording formal. 


components, we must know the length 
of a byte. 

One way to convey the length is to 
encode a “key” at the beginning of the 
bit stream. But this key must itself be 
represented by a byte of some length. 
A reader therefore needs another key 
to understand the first one. Computer 
scientists call the solution to such a re¬ 
cursive problem a “bootstrap" (from 
the fanciful image of pulling oneself up 
by the bootstraps). In this case, a boot¬ 
strap must provide some context, which 
humans can read, that explains how to 
interpret the digital storage medium. 
For my grandchildren, the letter accom¬ 
panying the disk serves this role. 

After a bil stream is correctly parsed, 
we face another recursive problem. A 
byte can represent a number or an al¬ 
phabetic character according to a code. 
To interpret such bytes, therefore, we 
need to know their coding scheme. But 
if we try to identify this scheme by in¬ 
serting a code identifier in the bit stream 
itself, we will need another code iden¬ 
tifier to interpret the first one. Again, 
human-readable context must serve as 
a bootstrap. 

Even more problematic, bit streams 
may also contain complex cross-refer¬ 
encing information. The stream is of¬ 
ten stored as a collection, or file, of bits 
that contains logically related but physi¬ 


cally separate elements. These elements 
are linked to one another by internal 
references, which consist of pointers to 
other elements or of patterns to be 
matched. (Printed documents exhibit 
similar schemes, in which page num¬ 
bers serve as pointers.) 

Interpreting a Bit Stream 

S uppose my grandchildren manage 
to read the bit stream from the CD- 
ROM. Only then will they face their real 
challenge: interpreting the information 
embedded in the bit stream. Most files 
contain information that is meaningful 
solely to the software that created them. 
Word-processing files embed format in¬ 
structions describing typography, lay¬ 
out and structure (titles, chapters and 
so on). Spreadsheet files embed formu¬ 
las relating their cells. So-called hyper¬ 
media fifes contain information identi¬ 
fying and linking text, graphics, sound 
and temporal data. 

For convenience, we call such embed¬ 
ded information—and all other aspects 
of a bit stream’s representation, includ¬ 
ing byte length, character code and 
structure—the encoding of a document 
file. These files are essentially programs: 
instructions and data that can be inter¬ 
preted only by appropriate software. A 
file is not a document in its own right— 


it merely describes a document that 
comes into existence when the file is in¬ 
terpreted by the program that produced 
it. Without this program (or equivalent 
software), the document is a cryptic 
hostage of its own encoding. 

Trial-and-error might decode the in¬ 
tended text if the document is a simple 
sequence of characters. But if it is com¬ 
plex, such a brute-force approach is un¬ 
likely to succeed. The meaning of a file 
is not inherent in the bits themselves, 
any more than the meaning of this sen¬ 
tence is inherent in its words. To un¬ 
derstand any document, we must know 
what its content signifies in the lan¬ 
guage of its intended reader. Unfortu¬ 
nately, the intended reader of a docu¬ 
ment file is a program. Documents such 
as multimedia presentations are impos¬ 
sible to read without appropriate soft¬ 
ware: unlike printed words, they cannot 
just be “held up to the light.” 

Is it necessary to run the specific pro¬ 
gram that created a document? In some 
cases, similar software may at least par¬ 
tially be able to interpret the file. Still, 
it is naive to Ihink that the encoding 
of any document—however natural it 
seems to us—will remain readable by 
future software for very long. Informa¬ 
tion technology continually creates new 
schemes, which often abandon their pre¬ 
decessors instead of subsuming them. 

A good example of this phenomenon 
occurs in word processing. Most such 
programs allow writers to save their 
work as simple text, using the current 
seven-bit American Standard Code for 
Information Interchange (or ASCII). 
Such text would be relatively easy to 
decode in the future if seven-hit ASCII 
remains the text standard of choice. 
Yet ASCII is by no means the only pop¬ 
ular text standard, and there are pro¬ 
posals to extend it to a 16-bit code (to 
encompass non-English alphabets). Fu¬ 
ture readers may therefore not be able 
to guess the correct text standard. To 
complicate matters, authors rarely save 
their work as pure text. As Avra Michel- 
son, then at the National Archives, and 
1 pointed out in 1992, authors often for¬ 
mat digital documents quite early in the 
writing process and add figures and 
footnotes to provide more readable and 
complete drafts. 

If “reading” a document means sim¬ 
ply extracting its content—without its 
original form—then we may not need to 
run the original software. But content 
can be lost in subtle w r ays. Translating 
word-processing formats, for instance, 
often displaces or eliminates headings, 
captions or footnotes. Is this merely a 
loss of structure, or does it impinge on 
content? If we transform a spreadsheet 
into a table, deleting the formulas that 
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relate the table’s entries 
to one another, have we 
affected content? Sup¬ 
pose the CD in my attic 
contains a treasure map 
depicted by the visual 
patterns of word and line 
spacings in my original 
digital version of this ar¬ 
ticle. Because these pat¬ 
terns arc artifacts of The 
formatting algorithms of 
my software, they will 
be visible only when the 
digital version is viewed 
using my original pro¬ 
gram, If we need to view 
a complex document as 
its author viewed it, we 
have little choice but to 
run the software that 
generated it. 

What chance will my 
grandchildren have of 
finding that software SO 
years from now? If I in¬ 
clude a copy of the pro¬ 
gram on the CD, they 
must still find the oper¬ 
ating system software 
that allows the program 
to run on some comput¬ 
er. Storing a copy of the 
operating system on the 
CD may help, but the 
computer hardware re¬ 
quired to run it will have 
long since become obso¬ 
lete. What kind of digital 
Rosetta Stone can I leave 
to provide the key to un¬ 
derstanding the con¬ 
tents of my disk? 

Migrating Bits 


T o prevent digital doc¬ 
uments from being 
Lost, we must first pre¬ 
serve their bit streams. That means 
copying the bits onto new forms of me¬ 
dia to ensure their accessibility. The ap¬ 
proach is analogous to preserving text, 
which must be transcribed periodically. 
Both activities require ongoing effort: 
future access depends on an unbrok¬ 
en chain of such migrations frequent 
enough to prevent media from becom¬ 
ing physically unreadable or obsolete 
before they are copied. A single break 
in this chain renders digital information 
inaccessible, short of heroic effort. Giv¬ 
en the current lack of permanence of 
media and the rate at which their forms 
evolve, migration may need to be as fre¬ 
quent as once every few years. Conser¬ 
vative estimates suggest that data on 
digital magnetic tape should be copied 


Shake-spi are s 

Though yet heaum knowes it is but as a tontbe 
Which hides your life, and fhe wes not halfc your parti; 
If I could write the beauty of your eyes. 

And in frcfii numbers number all your grace*. 

The age to come would fay this Poet lies. 

Such hcaucnly couchesnere toucht earthly faces* 

So fhernld my papers (yellowed with their age) 

Be fcorn’d,hke old men of leffc truth then tongue. 

And your true rights be tennd a Poets rage. 

And ftrctched miter of an Antique long. 

But were feme childe ofyours aliuc that time. 

You fhould Hue twife in ic,and in my rime, 

18* 

S Hall I compare thee to a Summers day? 

Thou art more louely and more temperate: 

Rough windes do fluke the darling buds of Makj 
And Sommers leafe hath all too fliort a dam 
Sometime too hot the eye of heauen fiiines, 

And often is his gold complexion dimmed. 

And euery faire from faire feme-time declines. 

By chance.or watures changing touric yntrim’d: 

But thy eternall Sommer fhall not fade. 

Nor loofe pofTcflion of that faire thou ow’ft. 

Nor fhall death brag thou wandr ft in his fhade. 

When in eternall lines to rime thou grow’ft. 

So long as men can breath or eyes can fee. 

So longliues this^and this glues life to thee, 

19 

T"\Euouringrime blunt thou the Lyons pawes, 
^“^And make the earth deuourc her ownc fweei brood, 
Plucke thekeene teeth from the fierce Tygers yams. 
And burnt the long liu'd Phaenix in her blood, 

Make glad and forry feafons as thou fleetTt, 

And do what ere thou wilt fwift-footed time 
To the wide world and all her fading fweets: 

But I forbid thee one moft hainous crime. 


SHAKESPEARE’S first printed edition of sonnet 18 (1609) exemplifies 
the longevity of the printed page: the words are legible after almost 
four centuries (the final couplet is especially relevant to preserving 
documents). But digital media can become unreadable within a decade. 


once a year to guarantee that none of 
the information is lost. (Analog tapes 
may remain playable for many years 
because they record more robust sig¬ 
nals that degrade more gradually.) 

In the long run, we might be able to 
develop long-lived storage media, which 
would make migration less urgent. At 
the moment, media with increased lon¬ 
gevity are not on the horizon. Neverthe¬ 
less, the cost of migration may eventu¬ 
ally force the development of such 
products, overriding our appetite for 
improved performance. 

An ancient text can be preserved ei¬ 
ther by translating it into a modem 
language or by copying it in its original 
dialect. Translation is attractive because 
it avoids the need to retain knowledge 


of the text's original lan¬ 
guage, yet few scholars 
would praise their pre¬ 
decessors for taking this 
approach. Not only does 
translation lose informa¬ 
tion, it also makes it im¬ 
possible to determine 
what information has 
been lost, because the 
original is discarded, (In 
extreme cases, transla¬ 
tion can completely un¬ 
dermine content: imag¬ 
ine blindly translating 
both languages in a bi¬ 
lingual dictionary into 
a third language.) Con¬ 
versely, copying text in 
its original language (sav¬ 
ing the bit stream) guar¬ 
antees that nothing will 
be lost. Of course, this 
approach assumes that 
knowledge of the original 
language is retained. 

Archivists have identi¬ 
fied two analogous strat¬ 
egies for preserving digi¬ 
tal documents. The first 
is to translate them into 
standard forms that are 
independent of any com¬ 
puter system. The sec¬ 
ond approach is to ex¬ 
tend the longevity of 
computer systems and 
their original software to 
keep documents read¬ 
able, Unfortunately, both 
strategies have serious 
shortcomings. 

On the surface, it ap¬ 
pears preferable to trans¬ 
late digital documents 
into standard forms that 
would remain readable 
in the future, obviating 
the need to run obsolete 
software. Proponents of this approach 
offer the relational database (intro¬ 
duced in the 1970s by E. F. Codd, now 
at Codd & Date, Inc., in San Jose, Calif.) 
as a paradigmatic example. Such a data¬ 
base consists of tables representing re¬ 
lations among entities. A database of 
employees might contain a table having 
columns for employee names and their 
departments. A second table in the data¬ 
base might have department names in 
its first column, department sizes in its 
second column and the name of the de¬ 
partment head in a third. The relational 
model defines a set of formal opera¬ 
tions that make it possible to combine 
the relations in these tables—for exam¬ 
ple, to find die name of an employee’s 
department head. 
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Select entries from a checking account statement. 


DATE 

4/5/94 

4/26/94 

4/27/94 

11/3/94 


CHECK/ 

AMOUNT 

DEPOSIT 


DEPOSIT 

$500.00 

CHECK #314 

$100 00 

DEPOSIT 

$50.00 

CHECK #315 

$100.00 


BALANCE 

$500.00 

$400-00 

$450.00 

$350.00 


Remove all spaces and punctuation; translate dates into six digits (mmddyy), check 
numbers into four digits, deposits into “0000 11 and dollars amounts into 11 digits. 

04059400000000005000000000050000 
04269 403140000001 000000000040000 
04279 40 0000000000500000000045000 
1 1 0 3 9 4 WtHBP 0 0 001000000 0 00035000 


Concatenate these entries to produce a decimal digit stream. § 

04059400000000005000000000050000042694031400000 | 

01000000000040000042794000000000005000000000450 | 

0011039403150000001000000000035000 
UNDERSTANDING A BIT STREAM demands knowledge of the format used to cre¬ 
ate the stream, tf all the numbers in a monthly checking account statement were 
strung together—with nothing to distinguish check numbers, dates and dollar 
amounts—the resulting sequence of digits would be impossible to understand. 


Because all relational database sys¬ 
tems implement this same underlying 
model, any such database can In prin¬ 
ciple be translated into a standard tab¬ 
ular form acceptable to any other sys¬ 
tem. Files represented tins way could 
be copied to new media as necessary, 
and the standard would ensure read¬ 
ability forever. 

Flaws of Translation 

R egrettably, this approach is flawed 
in two fundamental ways. First* re¬ 
lational databases are less standardized 
than they appear. Commercial relation¬ 
al database systems distinguish them¬ 
selves from one another by offering fea¬ 
tures that extend the relational model 
in nonstandard ways. Moreover, the lim¬ 
itations of such databases are already 
leading to the adoption of new models. 
The tables in a relational database can¬ 
not transparently show structure. That 


is, the database could not immediately 
make it dear that a corporation con¬ 
sisted of one headquarters, five nation¬ 
al offices, 25 divisions and 100 depart¬ 
ments. Various object-oriented database 
models (which can represent structure 
directly) are evolving to satisfy this 
need. Such rapid evolution is neither ac¬ 
cidental nor undesirable. It is the hall¬ 
mark of information technology. 

Furthermore, far from being a repre¬ 
sentative example, rdational databases 
are practically unique. No other type of 
digital document has nearly so formal 
a basis for standardization. Word pro¬ 
cessors, graphics programs, spread¬ 
sheets and hypermedia programs each 
create far more varied documents. The 
incompatibility of word-processing hies 
exemplifies this problem. It did not arise 
simply because companies were trying 
to distinguish their products in the mar¬ 
ketplace. Rather it is a direct outgrowth 
of the technology’s tendency to adapt 


INTENDED 
4-BIT KEY 
(VALUE 
OF 0111 =7) 


INTENDED 
7-BET DATA 
BYTES 
/ \ 


BIT STREAM: 011111 00009000101 01010000000010 0 0001 11101110 


/ UNINTENDED 

UNINTENDED 5-BIT KEY 15-BIT 

(VALUE OF 01111 = 15) DATA BYTE 


CODE KEY may be used to indicate how a bit stream is organized. Here the first 
four bits stand for the integer 7, meaning that the remaining bytes are each seven 
bits long. Yet there is no way to EeU the length of the code key from the bit stream 
itself If we were to read the first five bits as the code key, we would erroneously 
conclude that the remaining bytes were 15 bits long. 


itself to the emerging needs of users. 

As yet, no common application Is 
ready to be standardized. We do not 
have an accepted, formal understand¬ 
ing of the ways that humans manipu¬ 
late information. It is therefore prema¬ 
ture to attempt to enumerate the most 
important kinds of digital applications, 
let alone to circumscribe their capabili¬ 
ties through standards. Forcing users to 
accept the limitations imposed by such 
standards or restricting ail digital doc¬ 
uments to contain nothing but text as a 
lowest common denominator would be 
futile. The information revolution de¬ 
rives its momentum precisely from the 
attraction of new capabilities. Defining 
long-term standards for digital docu¬ 
ments may become feasible when in¬ 
formation science rests on a more for¬ 
mal foundation, hut such standards do 
not yet offer a solution. 

Translating a document into succes¬ 
sive short-term standards offers false 
hope. Successive translation avoids the 
need for ultimate standards, but each 
translation introduces new r lasses. W T ould 
a modem version of Homer’s Iliad have 
the same literary impact if it had been 
translated through a series of interme¬ 
diate languages rather than from the ear¬ 
liest surviving texts in ancient Greek? in 
theory’, translating a document through 
a sequence of standards should enable 
scholars to reconstruct the original doc¬ 
ument. Yet that requires each transla¬ 
tion to be reversible without loss, which 
is rarely the case. 

Finally, translation suiters from a fa¬ 
tal flaw. Unlike English and ancient 
Greek, whose expressive power and se¬ 
mantics are roughly equivalent, digital 
documents are evolving so rapidly that 
shifts in the forms of documents must 
inevitably arise. New forms do not nec¬ 
essarily subsume Lheir predecessors or 
provide compatibility with previous for¬ 
mats. Old documents cannot always be 
translated into unprecedented forms in 
meaningful w r ays, and translating a cur¬ 
rent file back into a previous form is fre¬ 
quently impossible. For example, many 
older, hierarchical databases were com¬ 
pletely redesigned to fit the relational 
model, just as relational databases are 
now being restructured to fit emerging 
object-oriented models. Shifts of this 
kind make it difficult or meaningless to 
translate old documents into new stan¬ 
dard forms. 

The alternative to translating a digi¬ 
tal document is to view it by using the 
program that produced it. In theory, we 
might not actually have to run this soft¬ 
ware. If we could describe its behavior 
in a way that does not depend on any 
particular computer system, future gen¬ 
erations could re-create the behavior of 
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INTEGER 

21 


CHARACTER 


SOUND 



BITSTREAM: 010111000000 00101010 0 00000010000 01 111 011 10 


REAL NUMBER 

1,3125 



LOGICAL BIT MAP 

NO, NO, NO, YES 
NO, YES, NO, YES 


INTERPRETING A BIT STREAM correctly is impossible without contextual informa 
don. This eight-bit sequence can be interpreted in at least six different ways. 


the software and thereby read the doc¬ 
ument, But information science cannot 
yet describe the behavior of software 
in sufficient depth for this approach to 
work, nor is it likely to be able to do so 
in the near future. To replicate the be¬ 
havior of a program, there is currently 
little choice but to run it. 

For this reason, we must save the pro* 
grams that generate our digital docu¬ 
ments, as well as all the system soft¬ 
ware required to run those programs. 
Although this task is monumental, it is 
theoretically feasible. Authors often in¬ 
clude an appropriate application pro¬ 
gram and operating system to help re¬ 
cipients read a digital document. Some ^ 
applications and system software may | 
remain ubiquitous, so that authors £ 
would need only to refer readers to | 
those programs* Free, public-domain 
software is already widely available on 
the Internet. Moreover, when proprie¬ 
tary programs become obsolete, their 
copyright restrictions may expire, mak¬ 
ing them available to future users. 

How can we provide the hardware to 
run antiquated systems and application 
software? A number of specialized mu¬ 
seums and “retro-computing" clubs are 
attempting to maintain computers in 
working condition after they become 
obsolete. Despite a certain undeniable 
charm bom of its technological brava¬ 
do, this method is ultimately futile. The 
cost of repairing or replacing worn out 
components (and retaining the expertise 
to do so) must inevitably outweigh the 
demand for any outmoded computer. 

Fortunately, software engineers can 
write programs called emulators, which 
mimic the behavior of hardware* As¬ 
suming that computers will become far 
more powerful than they are today, they 
should be able to emulate obsolete sys¬ 
tems on demand. The main drawback 
of emulation is that it requires detailed 
specifications for the outdated hard¬ 
ware. To be readable for posterity, these 
specifications must be saved in a digi¬ 
tal form independent of any particular 
software, to prevent having to emulate 
one system to read the specifications 
needed to emulate another. 

Saving Bits of History 

I f digital documents and their pro¬ 
grams are to be saved, their migra¬ 
tion must not modify their bit streams, 
because programs and their files can 
be corrupted by the slightest change. If 
such changes are unavoidable, they 
must be reversible without loss. More¬ 
over, one must record enough detail 
about each transformation to allow re¬ 
construction of the original encoding 
of the bit stream. Although bit streams 


can be designed to be immune to any 
expected change, future migration may 
introduce unexpected alterations. For 
example, aggressive data compression 
may convert a bit stream into an ap¬ 
proximation of itself, precluding a pre¬ 
cise reconstruction of the original. Sim¬ 
ilarly, encryption makes it impossible 
to recover an original bit stream with¬ 
out the decryption key. 

Ideally, bit streams should be sealed 
in virtual envelopes: the contents would 
be preserved verbatim, and contextual 
information associated with each enve¬ 
lope would describe those contents and 
their transformation history. This infor¬ 
mation must itself be stored digitally 
(to ensure its survival), hut it must be 
encoded in a form that humans can 
read more simply than they can the bit 
stream itself, so that it can serve as a 
bootstrap. Therefore, we must adopt 
bootstrap standards for encoding con¬ 


textual information; a simple, text-only 
standard should suffice. Whenever a bit 
stream is copied to new f media, its as¬ 
sociated context may be translated into 
an updated bootstrap standard. (Irre¬ 
versible translation would be acceptable 
here, because only the semantic content 
of the original context need be retained.) 
These standards can also be used to en¬ 
code the hardware specifications need¬ 
ed to construct emulators. 

Where does this leave my grandchil¬ 
dren? If they are fortunate, their CD 
may still be readable by some existing 
disk drive, or they may be resourceful 
enough to construct one, using infor¬ 
mation in my letter. If I include all the 
relevant software on the disk, along 
with complete, easily decoded specifi¬ 
cations for the required hardware, they 
should be able to generate an emulator 
to run the original software that will dis¬ 
play my document. I wish them luck. 
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The Prion Diseases 

Prions, once dismissed as an impossibility, have now gained 
wide recognition as extraordinary agents that cause 
a number of infectious, genetic and spontaneous disorders 


F ifteen years ago I evoked a good 
deal of skepticism when ! pro¬ 
posed that the infectious agents 
causing certain degenerative disorders 
of the central nervous system in ani¬ 
mals and, more rarely, in humans might 
consist of protein and nothing else. At 
the time, the notion was heretical. Dog¬ 
ma held that the conveyers of transmis¬ 
sible diseases required genetic materi¬ 
al, composed of nucleic add (DNA or 
RNA), in order to establish an infection 
in a host. Even viruses, among Lhe sim¬ 
plest microbes, rely on such material to 
direct synthesis of the proteins needed 
for survival and replication. 

Later, many scientists were similarly 
dubious when my colleagues and I sug¬ 
gested that these "proLeinaceous infec¬ 
tious particles 1 '—or “prions," as 1 called 
the disease-causing agents—could un¬ 
derlie inherited, as well as communi¬ 
cable, diseases. Such dual behavior w ? as 
then unknown to medical science. And 
we met resistance again when we con¬ 
cluded that prions (pronounced “pree- 
ons 11 ) multiply in an incredible w'ay; 
they convert normal protein molecules 
into dangerous ones simply by induc¬ 
ing the benign molecules to change 
their shape. 

Today, however, a wealth of experi¬ 
mental and clinical data has made a 
convincing case that we are correct on 
all three counts. Prions are indeed re¬ 
sponsible for transmissible and inherit¬ 
ed disorders of protein conformation. 
They can also cause sporadic disease, 
in w hich neither transmission between 
individuals nor inheritance is evident. 
Moreover, there are hints that the prions 
causing the diseases explored thus far 
may not be the only ones. Prions made 
of rather different proteins may con¬ 
tribute to other neurodegenerative dis¬ 
eases that are quite prevalent in hu¬ 
mans. They might even participate in 
illnesses that attack muscles. 

The known prion diseases, all fatal, 
are sometimes referred to as spongi¬ 
form encephalopathies. They are so 
named because they frequently cause 


by Stanley R. Prusiner 


the brain to become riddled with holes. 
These ills, which can brew for years (or 
even for decades in humans) are wide¬ 
spread in animals. 

The most common form is scrapie, 
found in sheep and goats. Afflicted an¬ 
imals lose coordination and eventually 
become so incapacitated that they can¬ 
not stand. They also become irritable 
and, in some cases, develop an intense 
itch that leads them to scrape off their 
wool or hair (hence the name “scrapie”). 
The other prion diseases of animals go 
by such names as transmissible mink 
encephalopathy, chronic wasting disease 
of mule deer and elk, feline spongiform 
encephalopathy and bovine spongiform 


40,000 
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encephalopathy. The last, often called 
mad cow disease, is the most worrisome. 

Gerald A. H. Wells and John W, Wile- 
smith of the Central Veterinary Labora¬ 
tory in Weybridge, England, identified 
the condition in 1986, after it began 
striking cows in Great Britain, causing 
them to became uncoordinated and un¬ 
usually apprehensive. The source of the 
emerging epidemic was soon traced to 
a food supplement that included meat 
and bone meal from dead sheep. The 
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CATTLE WERE INCINERATED lo prevent 
them from spreading “mad cow dis¬ 
ease.” This disorder, which has afflicted 
more than 130,000 cattle in Great Brit¬ 
ain since the mid-1980s (graph), is one 
of several fatal neurodegenerative dis¬ 
eases of animals and humans thought 
to be caused by prions—infectious pro¬ 
teins. Studies are assessing whether pri¬ 
on disease can be transmitted from cows 
to people through the ingestion of beef. 
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methods for processing sheep carcass¬ 
es had been changed in the late 1970s. 
Where once they would have eliminat¬ 
ed the scrapie agent in the supplement* 
now they apparently did not. The Brit¬ 
ish government banned the use of ani¬ 
mal-derived feed supplements in 1988, 
and the epidemic has probably peaked. 
Nevertheless, many people continue to 
worry that they will eventually fall ill as a 
result of having consumed tainted meat. 

The human prion diseases are more 
obscure. Kuru has been seen only among 
the Fore highlanders of Papua New Guin¬ 
ea. They call it the “laughing death." 
Vincent Zigas of the Australian Public 
Health Service and D. Cailcton Gajdusek 
of the U.S. National Institutes of Health 
described it in 1957* noting that many 
highlanders became afflicted with a 
strange, fatal disease marked by loss of 
coordination (ataxia) and often later 
by dementia. The affected individuals 
probably acquired kuru through ritual 
cannibalism: the Fore tribe reportedly 
honored the dead by eating their brains. 
The practice has since stopped* and 
kuru has virtually disappeared. 


Creutzfeldt-Jakob disease, in contrast, 
occurs worldwide and usually becomes 
evident as dementia. Most of the time 
it appears sporadically, striking one per¬ 
son in a million, typically around age 60. 
About 10 to 15 percent of cases are in¬ 
herited* and a small number are, sadly, 
iatrogenic—spread inadvertently by the 
attempt to treat some other medical 
problem. Iatrogenic Creutzfeldt-Jakob 
disease has apparently been transmit¬ 
ted by comeal transplantation* implan¬ 
tation of dura mater or electrodes in the 
brain, use of contaminated surgical in¬ 
struments* and injection of growth hor¬ 
mone derived from human pituitaries 
(before recombinant growth hormone 
became available). 

The two remaining human disorders 
are Gerstmann-Straussler-Scheinker dis¬ 
ease (which is manifest as ataxia and 
other signs of damage to the cerebel¬ 
lum) and fatal familial insomnia (in 
which dementia follows difficulty sleep¬ 
ing). Both these conditions are usually 
inherited and typically appear in mid- 
life. Fatal familial insomnia was discov¬ 
ered only recently* by Hio Lugaresi and 
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In Search of the Cause 

I first became intrigued by the prion 
diseases in 1972, when as a resident 
in neurology' at the University' of Cali¬ 
fornia School of Medicine at San Fran¬ 
cisco, I lost a patient to Creutzfeldt-Ja¬ 
kob disease. As 1 reviewed the scientific 
literature on that and related conditions* 
I learned that scrapie, Creutzfeldt-Jakob 
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disease and kuru had all been shown to 
be transmissible by injecting extracts 
of diseased brains into the brains of 
healthy animals. The infections were 
thought to be caused by a slow-acting 
virus, yet no one had managed to iso¬ 
late the culprit. 

In the course of reading, l came across 
an astonishing report in which TLkvah 
Alper and her colleagues at the Ham¬ 
mersmith Hospital in London suggest¬ 
ed that the scrapie agent might lack 
nucleic acid, which usually can he de¬ 
graded by ultraviolet or ionizing radia¬ 
tion. When the nucleic acid in extracts 
of scrapie-infected brains was presum¬ 
ably destroyed by those treatments, the 
extracts retained their ability to trans¬ 
mit scrapie. If the organism did lack 
DNA and RNA T the finding would mean 
that it was not a virus or any other 
known type of infectious agent, all of 
which contain genetic material. What, 
then, was it? Investigators had many 
ideas—including, jokingly, linoleum and 
kryptonite—but no hard answers. 



1 immediately began trying to solve 
this mystery 7 when I set up a laboratory 
at U.C.S.F. in 1974. The first step had to 
be a mechanical one—purifying the in¬ 
fectious material in scrapie-infected 
brains so that its composition could be 
analyzed. The task was daunting; many 
investigators had tried and failed in the 
past. But with the optimism of youth, I 
forged ahead [see "Prions,” by Stanley 
B. Prusiner; Scientific American, Octo¬ 
ber 1984]. By 1982 my colleagues and I 
had made good progress, producing ex¬ 
tracts of hamster brains consisting al¬ 
most exclusively of infectious material. 
We had, furthermore, subjected the ex¬ 
tracts to a range of tests designed to 
reveal the composition of the disease- 
causing component. 

Amazing Discovery 

A11 our results pointed toward one 
l\ Startling conclusion: the infectious 
agent in scrapie (and presumably in 
the related diseases) did indeed lack 
nucleic acid and consisted mainly, if not 
exclusively, of protein. We deduced that 
DNA and RNA were absent because, like 
Alper, we saw thai procedures known 
to damage nucleic acid did not reduce 
infectivity. And we knew protein was 
an essential component because proce¬ 


dures that denature (unfold) or degrade 
protein reduced infectivity. I thus inixo- 
duced the term "prion 51 to distinguish 
this class of disease conveyer from vi¬ 
ruses, bacteria, fungi and other known 
pathogens. Not long afterward, w r e de¬ 
termined that scrapie prions contained 
a single protein that we called PrP, for 
"prion protein.” 

Now' the major question became, 
Where did the instructions specifying 
the sequence of amino acids in PrP re¬ 
side? Were they carried by an undetect¬ 
ed piece of DNA that traveled with PrP, 
or were they, perhaps, contained in a 
gene housed in the chromosomes of 
cells? The key to this riddle was the 
identification in 1984 of some 15 ami¬ 
no acids at one end of the PrP protein. 
My group identified this short amino 
acid sequence in collaboration with 
Leroy E. Hood and his co-workers at 
the Califomia Institute of Technology. 

Knowledge of the sequence allowed 
us and others to construct molecular 
probes, or detectors, able to indicate 
whether mammalian cells carried the 
PrP gene. With probes produced by 
Hood's team, Bruno Oesch, working in 
ihe laboratory of Charles Weissmann at 
the University 7 of Zurich, show r ed that 
hamster cells do contain a gene for PrP. 
At about ihe same time, Bruce Chese- 


PRION DISEASES OF HUMANS {table), which may incubate for 30 years or more, 
can all cause progressive decline in cognition and motor function; hence, the dis¬ 
tractions among them are sometimes blurry. As the genetic mutations underlying 
familial forms of the diseases are found, those disorders are likely to be identified 
by their associated mutations alone. Choreographer George Balanchine {photo¬ 
graph) died of sporadic Creutzfeldt-Jakob disease in 1983 at age 79, 


1 DISEASE ft 

') TYPICAL SYMPTOMS 

1 ROUTE OF ACQUISITION 1 

DISTRIBUTION ^ 

■ SPAN OF OVERT ILLNESS 

Kuru 

Loss of coordination, often 
followed by dementia 

Infection (probably through 
cannibalism, which stopped 
by 1958) 

Known only in highlands of 
Papua New Guinea; some 
2 t 6G0 cases have been 
identified since 1957 

Three months to one year 

Creutzfeldt- 

Jakob 

disease 

Dementia, followed by loss 
of coordination, although 
sometimes the sequence is 
reversed 

Usually unknown (in “spora¬ 
dic" disease) 

Sometimes (in 10 to 15 per¬ 
cent of cases) inheritance 
of a mutation in the gene 
coding for the prion protein 
(PrP) 

Sporadic form: 1 person per 
million worldwide 

inherited form: some 100 
extended families have 
been identified 

Typically about one year: 
range js one month to more 
than 10 years 



Rarely, infection (as an 
inadvertent consequence 
of a medical procedure) 

Infectious form: about 80 
cases have been identified 


Gerstmann- 
Straussler- 
Sche inker 
disease 

Loss of coordination, often 
followed by dementia 

Inheritance of a mutation 
in the PrP gene 

Some 50 extended families 
have been identified 

Typically two to six years 

Fatal 

familial 

insomnia 

Trouble sleeping and dis¬ 
turbance of autonomic 
nervous system, followed 
by insomnia and dementia 

Inheritance of a mutation 
in the PrP gene 

Nine extended families have 
been identified 

Typically about one year 
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PRION PROTEIN (PrP) is usually harmless. In its benign slate, its backbone twists 
into multiple helices (shown as spirals in the plausible ribbon model at the left and 
as cylinders in the cartoon at the top right). PrP becomes the infectious, “scrapie” 
form—a prion—when much of the backbone stretches out, forming so-called beta 
strands (arrows in the hypothetical structure at the bottom right). Red sites on the 
ribbon model of normal PrP highlight positions at which substitution of one amino 
acid for another probably promotes folding into the scrapie form. 


boro of the nih Rocky Mountain Labo¬ 
ratories made his own probes and es¬ 
tablished that mouse cells harbor the 
gene as well. That work made it possi¬ 
ble to isolate the gene and to establish 
that it resides not in prions but in the 
chromosomes of hamsters, mice, hu¬ 
mans and all other mammals that have 
been examined. What is more, most of 
the time, these animals make PrP with¬ 
out getting sick. 

One interpretation of such findings 
was that we had made a terrible mis¬ 
take: PrP had nothing to do with prion 
diseases. Another possibility was that 
PrP could be produced in two forms, 
one that generated disease and one that 
did not. We soon showed the latter in¬ 
terpretation to be correct. 

The critical due was the fact that the 
PrP found in infected brains resisted 
breakdown by cellular enzymes called 
proteases. Most proteins in cells are de¬ 
graded fairly easily. I therefore suspect¬ 
ed that if a normal, nonthreatening form 
of PrP existed, it too would be suscepti¬ 
ble to degradation. Ronald A. Harry in 
my laboratory then identified this hy¬ 
pothetical protease-sensitive form. It 
thus became dear that scrapie-causing 
PrP is a variant of a normal protein. W r e 
therefore called the normal protein “cel¬ 
lular PrP" and the infectious (protease- 
resistant) form "scrapie PrP.” The latter 
term is now used to refer to the pro¬ 
tein molecules that constitute the pri¬ 
ons causing all scrapidike diseases of 
animals and humans. 

Prion Diseases Can Be Inherited 

E arly on we had hoped to use the FTP 
gene to generate pure copies of PrP. 
Next, we would inject the protein mole¬ 
cules into animals, secure in the knowl¬ 
edge that no elusive virus was clinging 
to them. If the injections caused scrapie 
in the animals, we would have shown 
that protein molecules could, as we had 
proposed, transmit disease. By 1986, 
however, we knew the plan would not 
work. For one thing, it proved very dif¬ 
ficult to induce the gene to make the 
high levels of PrP needed for conduct¬ 
ing studies. For another thing, the pro¬ 
tein that was produced was the normal, 
cellular form. Fortunately, work on a dif- 
ferem problem led us to an alternative 
approach for demonstrating that pri¬ 
ons could transmit scrapie without the 
help of any accompanying nucleic add. 

In many cases, the scrapidike illness¬ 
es of humans seemed to occur without 
having been spread from one host to 
another, and in some families they ap¬ 
peared to be inherited, (Today research¬ 
ers know that about 10 percent of hu¬ 
man prion diseases are familial, felling 


half of the members of the affected 
families.) It was this last pattern that 
drew our attention. Could it be that pri¬ 
ons were more unusual than we origi¬ 
nally thought? Were they responsible 
for the appearance of both hereditary 
and transmissible illnesses? 

In 1988 Karen Hsiao in my laborato¬ 
ry and I uncovered some of the earliest 
data showing that human prion dis¬ 
eases can certainly be inherited. We ac¬ 
quired clones of a PrP gene obtained 
from a man who had Gerstmann- 
Straussler-Scheinker disease in his fam¬ 
ily and w^s dying of it himself. Then we 
compared his gene with PrP genes ob¬ 
tained from a healthy population and 
found a tiny abnormality known as a 
point mutation. 

To grasp the nature of this mutation, 
it helps to know 7 something about the 
organization of genes. Genes consist of 
two strands of the DNA building blocks 
called nucleotides, which differ from 
one another in the bases they carry . The 
bases on one strand combine with the 
bases on the other strand to form base 
pairs: the "rungs” on the familiar DNA 
“ladder.” In addition to holding the DNA 
ladder together, these pairs spell out the 
sequence of amino acids that must be 
strung together to make a particular 
protein. Three base pairs together—a 
unit called a codon—specify a single 


amino acid. In our dying patient, just 
one base pair (out of more than 750) 
had been exchanged for a different pair. 
The change, in turn, had altered the in¬ 
formation carried by codon 102, caus¬ 
ing the amino acid leucine to be substi¬ 
tuted for the amino acid proline in the 
man’s PrP protein. 

With the help of Tim j. Crow of North- 
wick Park Hospital in London and jurg 
Ott of Columbia University and their 
colleagues, we discovered the same mu¬ 
tation in genes from a large number of 
patients with Gerstmann-Straussler- 
Schcinker disease, and we showed that 
the high incidence in the affected fami¬ 
lies was statistically significant. In oth¬ 
er words, we established genetic linkage 
between the mutation and the disease— 
a finding that strongly implies the mu¬ 
tation is the cause. Over the past six 
years work by many investigators has 
uncovered 18 mutations in families with 
inherited prion diseases: for five of these 
mutations, enough cases have now been 
collected to demonstrate genetic linkage. 

The discovery of mutations gave us a 
way to eliminate the possibility that a 
nucleic acid was traveling with prion 
proteins and directing their multiplica¬ 
tion. We could now create genetically al¬ 
tered mice carrying a mutated PrP gene. 
If the presence of the altered gene in 
these “transgenic” animals led by itself 
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to scrapie, and if the brain tissue of the 
transgenic: animals then caused scrapie 
in healthy animals, we would have solid 
evidence that the protein encoded by 
the mutated gene had been solely re¬ 
sponsible tor the transfer of disease. 
Studies 1 conducted with Hsiao, Darlene 
Groth in my group and Slephen J. De- 
Armond, head of a separate laboratory 
at U.C.S.R, have now’ shown that scrapie 
can be generated and transmitted in 
this way [see box on pages 36 and 37 

These results in animals resemble 
those obtained in 1981, when Gajdu- 
sek, Colin L Masters and Clarence J. 
Gibbs, Jr., aU at the National Institutes 
of Health, transmitted apparently in¬ 
herited Gersimann-StraussLer-Schein- 
ker disease to monkeys. They also re¬ 
semble the findings of Jun Tateishi and 
Tetsuyuki Kitamoto of Kyushu Universi¬ 
ty’ in Japan, who transmitted inherited 
Creutzfeldt-Jakob disease to mice. To¬ 
gether the collected transmission stud¬ 
ies persuasively argue that prions do, 
after all, represent an unprecedented 
class of infectious agents, composed 
only of a modified mammalian protein. 
.And the conclusion is strengthened by 
the facL that assiduous searching for a 
scrapie-specificnucleic add (especially 
by Detlev IL Kiesner of l leinrich I lelne 
University in Dtisseldorf) has produced 
no evidence thaL such genetic material 
is attached to prions. 

Scientists who continue to favor the 
virus theory might say that we still have 
not proved our case. If the PrP gene 
coded for a protein that, when mutat¬ 
ed, facilitated infection by a ubiquitous 
virus, the mutation would lead to viral 
infection of the brain. Then injection of 



PROPAGATION OF SCRAPIE PrP in neu¬ 
rons of the brain apparently occurs by 
a kind of domino effect on some inter¬ 
nal membrane. A favored hypothesis 
holds that the process begins (ill when 
one molecule of scrapie PrP ( red ) con¬ 
tacts a normal PrP molecule (Frown) 
and induces it to refold into the scrapie 
| conformation (fr). Then the scrapie par- 
% tides attack other normal PrP mole- 
g cules (c). Those molecules, in turn, at- 
£ tack other normal molecules, and so on 
!: (broken arrow), until scrapie PrP aecu- 
£ mulates to dangerous levels (d). 


brain extracts from the mutant animal 
would spread the infection to another 
host. Yet in the absence of any evidence 
of a virus, this hypothesis looks to be 
untenable. 

in addition to showing that a protein 
can multiply and cause disease without 
help from nucleic acids, we have gained 
insight into how scrapie PrP propa¬ 
gates in cells. Many details remain to 
be worked out, but one aspect appears 
quite dear: the main difference between 
normal PrP and scrapie PrP is confor¬ 
mational. Evidently, the scrapie protein 
propagates itself by contacting normal 
PrP molecules and somehow causing 
them to unfold and flip from their usu¬ 
al conformation to the scrapie shape. 
This change initiates a cascade in which 
newly converted molecules change the 
shape of other normal PrP molecules, 
and so on. These events apparently oc¬ 
cur on a membrane in the cell interior. 
We started to think that the differenc¬ 
es between cellular and scrapie forms 
of PrP must be conformational after oth¬ 
er possibilities began to seem unlikely. 
For Instance, ii has long been known 
that the infectious form often has the 
same amino acid sequence as the nor¬ 
mal type. Of course, molecules that start 
off being identical can laier be chemi¬ 
cally modified in ways that alter their 
activity. But intensive investigations by 
Neil Stahl and Michael A. Baldwin in my 
laboratory have turned up no differ¬ 
ences of this kind. 

One Protein, Two Shapes 

H ow, exactly, do the structures of 
normal and scrapie forms of PrP 
differ? Studies by Keh-Ming Pan in our 
group indicate that the normal protein 
consists primarily of alpha helices, re¬ 
gions in which the protein backbone 
twists into a specific kind of spiral; the 
scrapie form, however, contains beta 
strands, regions in which the backbone 
is fully extended. Collections of these 
strands form beta sheets. Fred R Cohen, 
who directs another laboratory at 
LLCS.R, has used molecular modeling 
to try to predict the structure of the 
normal protein based on its amino acid 
sequence. His calculations imply that 
the protein probably folds into a com¬ 
pact structure having four helices in its 
core. Less is known about the structure, 
or structures, adopted by scrapie PrP. 

The evidence supporting the propo¬ 
sition that scrapie PrP can induce an al¬ 
pha-helical PrP molecule to switch to a 
beta-sheet form comes primarily from 
two important studies by investigators 
in my group, Maria Gasset learned that 
synthetic peptides (short strings of ami¬ 
no acids) corresponding to three of the 
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four putative alpha-helical regions of 
PrP can fold into beta sheets. And Jack 
Nguyen has shown that in their beta- 
sheet conformation, such peptides can 
impose a beta-sheet structure on heli¬ 
cal PrP peptides. More recently Byron 
W. Caughey of the Rocky Mountain Lab¬ 
oratories and Peter T. Lansbury of the 
Massachusetts Institute of Technology 
have reported that cellular PrP can be 
converted into scrapie PrP in a test tube 
by mixing the two proteins together. 

PrP molecules arising from mutated 
genes probably do not adopt the scra¬ 
pie conformation as soon as they are 
synthesized. Otherwise, people carry¬ 
ing mutant genes would become sick in 
early childhood. We suspect that muta¬ 
tions in the PrP gene render the result¬ 
ing proteins susceptible to Hipping from 
an alpha-helical to a beta-sheet shape. 
Presumably, it takes time until one of 
the molecules spontaneously flips over 
and still more time for scrapie PrP to ac¬ 
cumulate and damage the brain enough 
to cause symptoms. 

Fred Cohen and I think we might be 
able to explain why the various muta¬ 
tions that have been noted in PrP genes 
could facilitate folding into the beta- 
sheet form. Many of the human muta¬ 
tions give rise to the substitution of one 
amino add for another within the four 
putative helices or at their borders. In¬ 
sertion of incorrect amino adds at those 
positions might destabilize a helix, thus 
increasing the likelihood that the affect¬ 
ed helix and its neighbors will refold into 
a beta-sheet conformation. Conversely, 
Hermann Schatzel in my laboratory 
finds that the harmless differences dis¬ 
tinguishing the PrP gene of humans 
from those of apes and monkeys affect 
amino acids lying ouLside of the pro¬ 
posed helical domains—where the di¬ 
vergent amino adds probably would 
not profoundly influence the stability 
of the helical regions. 

Treatment Ideas Emerge 

N o one knows exactly how propaga¬ 
tion of scrapie PrP damages cells. 
In cell cultures, the conversion of nor¬ 
mal PrP to the scrapie form occurs in¬ 
side neurons, after which scrapie PrP 
accumulates in intracellular vesicles 
known as iysosomes. In the brain, filled 
lysosomes could conceivably burst and 
damage cells. As the diseased cells died, 
creating holes in the brain, their prions 
would be released to attack other cells. 

We do know with certainty' that cleav¬ 
age of scrapie PrP is what produces PrP 
fragments that accumulate as plaques 
in the brains of some patients. Those 
aggregates resemble plaques seen in 
Alzheimer's disease, although the Alz¬ 


heimer's dumps consist of a different 
protein. The PrP plaques are a useful 
sign of prion infection, but they seem 
not to be a major cause of impairment. 
In many people and animals with prion 
disease, the plaques do not arise at all. 

Even though we do not yet know 
much about how PrP scrapie harms 
brain tissue, we can foresee that an un¬ 
derstanding of the three-dimensional 
structure of the PrP protein will lead to 
therapies. If, for example, the four-he- 
lix-bundle model of PrP is correct, drug 
developers might be able to design a 
compound that would bind to a central 
pocket that could be formed by the four 
helices. So bound, the drug would sta¬ 
bilize these helices and prevent their 
conversion into beta sheets. 

Another idea for therapy is inspired 
by research in which Weissmann and 
his colleagues applied gene-targeting 
technology to create mice that lacked 
the PrP gene and so could not make PrP. 
By knocking out a gene and noting the 
consequences of its loss, one can often 
deduce the usual functions of the gene's 
protein product. In this case, however, 
the animals missing PrP displayed no 
detectable abnormalities. If it turns out 
that PrP is truly inessential, then physi¬ 
cians might one day consider delivering 
so-called antisense or antigene therapies 
to the brains of patients with prion dis¬ 
eases. Such therapies aim to block genes 
from giving rise to unwanted proteins 
and could potentially shut down pro¬ 
duction of cellular PrP |see 'The New 
Genetic Medicines,” by Jack S. Cohen and 
Michael E. Hogan; Scientific American, 
December 1994]. They would thereby 
block PrP from propagating itself. 

It is worth noting that the knockout 
mice provided a welcomed opportunity 
to challenge the prion hypothesis. If 
the animals became ill after Inoculation 
with prions, their sickness would have 
indicated that prions could multiply 
even in the absence of a preexisting 
pool of PrP molecules. As I expected, 
inoculation with prions did not produce 
scrapie, and no evidence of prion repli¬ 
cation could be detected. 

The enigma of how scrapie PrP multi¬ 
plies and causes disease is not the only 
puzzle starting to be solved. Another 
long-standing question—the mystery of 
how prions consisting of a single ltind 
of protein can vary markedly in their 
effects—is beginning to be answered as 


HOLES rN BRAIN TISSUE {white spots) 
are a frequent feature of prion diseases. 
They give the brain a spongelike ap¬ 
pearance. This micrograph shows the 
cerebral cortex of a patient suffering 
from Creutzfddt-Jakob disease. 


w r el1. Iain H. Pattison of the Agriculture 
Research Council in Compton, England, 
initially called attention to this phe¬ 
nomenon. Years ago he obtained prions 
from two separate sets of goats. One iso¬ 
late made inoculated animals drowsy, 
whereas the second made them hyper¬ 
active. Similarly, it is now f evident that 
some prions cause disease quickly, 
whereas others do so slowly. 

The Mystery of “Strains 11 

A lan G« Dickinson, Hugh Fraser and 
l\ Moira E. Bruce of the Institute for 
Animal Health in Edinburgh, who have 
examined the differential effects of var¬ 
ied isolates in mice, are among those 
who note that only pathogens contain¬ 
ing nucleic acids arc known to occur in 
multiple strains. Hence, they and others 
assert, the existence of prion “strains” 
indicates the prion hypothesis must be 
incorrect; viruses must be at the root 
of scrapie and its relatives. Yet because 
efforts to find viral nucleic adds have 
been unrewarding, the explanation for 
the differences must lie elsewhere. 

One possibility is that prions can 
adopt multiple conformations. Folded 
in one w f ay, a prion might convert nor¬ 
mal PrP to the scrapie form highly effi¬ 
ciently, giving rise to shorL incubation 
times. Folded another w r ay, it might 
work less effldently. Similarly, one “con- 
former” might be attracted to neuronal 
populations in one part of the brain, 
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A Persuasive Experiment 


S everal studies have shown that prions composed only 
of PrP are able to convey infection from one animal to 
another. In one such experiment, the author and his col¬ 
leagues created mice carrying many copies of a mutant PrP 
gene (a); these animals made high levels of mutant PrP, 


some of which appears to adopt the scrapie conformation. 
Eventually all the mice displayed symptoms of brain dam¬ 
age and died (b). Then the workers injected brain tissue 
from the diseased animals into genetically altered mice 
making low levels of the same mutant PrP protein. (Such 



a MOUSE MAKING HIGH LEVELS 
OF MUTANT PrP 
IS INITIALLY HEALTHY 


b MUTANT MOUSE 
FALLS ILL AND DIES 


whereas another might he attracted to 
neurons elsewhere, thus producing dif¬ 
ferent symptoms. Considering that PrP 
can fold in at least two ways, it would 
not be surprising to find it can collapse 
into other structures as well. 

Since the mid-1980s we have also 
sought insight into a phenomenon 
known as the species barrier. This con¬ 
cept refers to the fact that something 
makes it difficult for prions made by 
one species to cause disease in animals 
of anoLher species. The cause of this 
difficulty is of considerable interest to¬ 
day because of the epidemic of mad 
cow disease in Britain. We and others 
have been trying to find out whether 
the species barrier is strong enough to 
prevent the spread of prion disease 
from cows to humans. 

Breaking the Barrier 

T he barrier was discovered by Pal ri¬ 
sen, who in the 1960s found it hard 
to transmit scrapie between sheep and 
rodents. To determine the cause of the 
trouble, my colleague Michael R. Scott 
and 1 later generated transgenic mice 
expressing the PrP gene of the Syrian 
hamster—that is, making the hamster 
PrP protein. The mouse gene differs 
from that of the hamster gene at 16 co¬ 
dons out of 254. Normal mice inoculat¬ 
ed with hamster prions rarely acquire 
scrapie, but the transgenic mice became 
ill within about two months. 

We thus concluded that we had bro¬ 
ken the species barrier by inserting the 
hamster genes into the mice. Moreover, 
on the basis of this and other experi¬ 


ments, we realized that the barrier re¬ 
sides in the amino acid sequence of 
PrP: the more the sequence of a scrapie 
PrP molecule resembles the PrP se¬ 
quence of its host, the more likely it is 
that the host will acquire prion disease. 
In one of those other experiments, for 
example, w f e examined transgenic mice 
carrying the Syrian hamster PrP gene 
in addition to their own mouse gene. 
Those mice make normal forms of both 
hamster and mouse PrP. When we inoc¬ 
ulated the animals with mouse prions, 
they made more mouse prions. When 
we inoculated them with hamster pri¬ 
ons, they made hamster prions. From 
this behavior, we learned that prions 
preferentially interact with cellular PrP 
of homologous, or like, composition. 

The attraction of scrapie PrP for cel¬ 
lular PrP having the same sequence 
probably explains why scrapie managed 
to spread to cow r s in England from food 
consisting of sheep tissue: sheep and 
bovine PrP differ only ai seven posi¬ 
tions. In contrast, the sequence differ¬ 
ence between human and bovine PrP is 
large: the molecules diverge at more 
than 30 positions. Because the variance 
is great, the likelihood of transmission 
from cows to people w r ould seem to be 
low. Consistent with this assessment are 
epidemiological studies by W. Bryan 
Matthews, a professor emeritus at the 
University of Oxford. Matthews found 
no link between scrapie in sheep and 
the occurrence of Creutzfeldt-Jakob dis¬ 
ease in sheep-farming countries. 

On the other hand, two farmers who 
had "mad cows" in their herds have re¬ 
cently died of Creutzfeldt-Jakob dis¬ 


ease. Their deaths may have nothing to 
do with the bovine epidemic, but the 
situation bears watching. It may turn 
out that certain parts of the PrP 
molecule are more important than oth¬ 
ers for breaking the species barrier. If 
that is the case, and if cow 7 PrP closely 
resembles human PrP in the critical re¬ 
gions, then the likelihood of danger 
might turn out to be higher than a sim¬ 
ple comparison of the complete amino 
arid sequences would suggest. 

We began to consider the possibility 
that some parts of the PrP molecule 
might be particularly important to the 
species barrier after a study related to 
this blockade took an odd turn. My col¬ 
league Glenn C Telling had created 
transgenic mice carrying a hybrid PrP 
gene that consisted of human codes 
flanked on either side by mouse codes; 
this gene gave rise to a hybrid protein. 
'Then he introduced brain tissue from 
patients who had died of Creutzfeldt- 
Jakob disease or Gerstmann-Straussler- 
Scheinker disease into the transgenic 
animals. Oddly enough, the animals be¬ 
came ill much more frequently and fast¬ 
er than did mice carrying a full hitman 
PrP gene, which diverges from mouse 
PrP at 28 positions. This outcome im¬ 
plied that similarity 7 in the central region 
of the PrP molecule may be more criti¬ 
cal than it is in the other segments. 

The result also lent support to earli¬ 
er indications—uncovered by Shu-Lian 
Yang in DeArmond’s laboratory 7 and .Al¬ 
bert Taraboulos in my group—that mol¬ 
ecules made by the host can influence 
the behavior of scrapie PrP. We specu¬ 
late that in the hybrid-gene study, a 
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mice were chosen as recipients because scrapie PrP is most attracted to PrP 
molecules having the same composition.) Uninoculated mice did not become ill 
{indicating that making low levels of the aberrant protein was safe), but many of 
the treated ones did (c). Moreover, brain tissue transferred from the diseased re¬ 
cipients to their healthy counterparts caused illness once again (d). If the aber¬ 
rant protein were unable to transmit infection, none of the inoculated animals 
would have sickened. 



C MOUSE MAKING LOW LEVELS d IDENTICAL MOUSE BECOMES ILL 

OF MUTANT PrP BECOMES ILL AFTER RECEIVING INOCULATION 

AFTER INOCULATION FROM FIRST RECIPIENT 


mouse protein, possibly a “chaperone* 
normally involved in folding nascent 
protein chains, recognized one of the 
two mouse-derived regions of the hy¬ 
brid PrP protein. This chaperone bound 
to that region and helped to refold the 
hybrid molecule into the scrapie con¬ 
formation. The chaperone did not pro¬ 
vide similar help in mice making a to¬ 
tally human PrP protein, presumably 
because the human protein lacked a 
binding site for the mouse factor. 

The List May Grow 

A n unforeseen story has recently 
l emerged from studies of trans¬ 
genic mice making unusually high 
amounts of normal FTP proteins. DeAr- 
mond, David Westaway in our group 
and George A. Carlson of the McLaugh¬ 
lin Laboratory in Great Falls, Mont., be¬ 
came perplexed when they noted that 
some older transgenic mice developed 
an illness characterized by rigidity and 
diminished grooming. When we pursued 
the cause, we found that making exces¬ 
sive amounts of PrP can eventually lead 
to neurodegeneration and, surprising¬ 
ly, to destruction of both muscles and 
peripheral nerves. These discoveries 
widen the spectrum of prion diseases 
and are prompting a search for human 
prion diseases that affect the peripher¬ 
al nervous system and muscles. 
Investigations of animals that over¬ 
produce PrP have yielded another ben¬ 
efit as well. They offer a clue as to how 
the sporadic form of Creutzfeldt-jakob 
disease might arise. For a time 1 sus¬ 
pected that sporadic disease might 


begin when the wear and tear of living 
led to a mutation of the PrP gene in at 
least one cell in the body. Eventually, 
the mutated protein might switch to 
the scrapie form and gradually propa¬ 
gate itself, until the buildup of scrapie 
PrP crossed the threshold to overt dis¬ 
ease. The mouse studies suggest that 
at some point in the lives of the one in 
a million individuals who acquire spo¬ 
radic Creutzfeldt-jakob disease, cellu¬ 
lar PrP may spontaneously convert to 
the scrapie form. The experiments also 
raise the possibility' that people who be¬ 
come afflicted with sporadic Creutzfeldt- 
jakob disease overproduce PrP, but we 
do not yet know if, in fact, they do. 

All the known prion diseases in hu¬ 
mans have now' been modeled in mice. 
With our most recent work we have in¬ 
advertently developed an animal model 
for sporadic prion disease. Mice inocu¬ 
lated with brain extracts from scrapie- 
infected animals and from humans af¬ 
flicted with Creutzfeldt-jakob disease 
have long provided a model for the in¬ 
fectious forms of prion disorders. And 


the inherited prion diseases have been 
modeled in transgenic mice carrying 
mutant PrP genes. These murine repre¬ 
sentations of the human prion afflic¬ 
tions should not only extend under¬ 
standing of how prions cause brain de¬ 
generation, they should also create 
opportunities to evaluate therapies for 
these devastating maladies. 

Striking Similarities 

O ngoing research may also help de¬ 
termine whether prions consisting 
of other proteins play a part in more 
common neurodegenerative conditions, 
including .Alzheimer’s disease, Parkin¬ 
son’s disease and amyotrophic lateral 
sclerosis. There are some marked simi¬ 
larities in all these disorders. As is true 
of the known prion diseases, the more 
widespread ills mostly occur sporadi¬ 
cally but sometimes "run” in families. 
All are also usually diseases of middle 
to later life and are marked by similar 
pathology" neurons degenerate, protein 
deposits can accumulate as plaques, 
and glial cells (which support and nour¬ 
ish nerve cells) grow larger in reaction 
to damage to neurons. Strikingly, in 
none of these disorders do while blood 
cells—those ever present warriors of the 
immune system—infiltrate the brain. If 
a virus were involved in these illnesses, 
white cells would be expected to appear. 

Recent findings in yeast encourage 
speculation that prions unrelated in 
amino acid sequence to the PrP protein 
could exist. Reed B. Wickner of the nih 
reports that a protein called Ure2p 
might sometimes change its conforma¬ 
tion, thereby affecting its activity in the 
cell. In one shape, the protein is active; 
in the other, it is silent. 

The collected studies described here 
argue persuasively that the prion is an 
entirely new class of infectious patho¬ 
gen and that prion diseases result from 
aberrations of protein conformation. 
Whether changes in protein shape are 
responsible for common neurodegen¬ 
erative diseases, such as Alzheimer’s, 
remains unknown, but it is a possibility' 
that should not be ignored. 
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Earth before Pangea 

The North American continent 
may be more nomadic 
than any of its inhabitants 

by Ian W. D. Dalziel 


T he little airplane banked to the 
right. From my seat on the port 
side I could see its shadow cross¬ 
ing the ice. The skis made it look rather 
like a duck coming in to land on water, 
webbed feet outstretched. As the pilot 
leveled the aircraft, a huge cliff' came 
into view, the dark brown of its rocks 
contrasting sharply with the pristine 
whiteness of ice and snow that faded 
into the horizon. 

The steeply inclined layers of this Pre- 
cambrian sandstone were distorted by 
concertinalike folds, I took several pho¬ 
tographs. As we rounded the cliff, an¬ 
other came into view. Resting on top of 
the sandstone was a thin capping of 
rock almost as white as the background: 
Cambrian limestone. “Fascinating/" 1 
thought as 1 raised my camera again. 
“The basic geology here is very similar 
to that of western North America. 1 " 

My colleagues and I had come to the 
Pensacola Mountains of Antarctica to 
study how the two geologic subdivi¬ 
sions—East and West—of the icy conti¬ 
nent relate to each other. East Antarcti¬ 
ca is an old Precambrlan shield lying to 
the south of Australia, India and Africa; 
West Antarctica is part of the geologi¬ 
cally young and active volcanic “ring of 
fire” that surrounds the Pacific Ocean. 
The uplifted rim of the East Antarctic 
shield meets West Antarctica along the 
Transantarctic Mountains, of which the 
Pensacolas form a northern extension. 
It had been a long trip down; 14 hours 
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from Los Angeles to New Zealand in a 
commercial jet, 10 hours from New Zea¬ 
land to McMurdo Station in Antarctica 
in a ski-equipped Hercules transport 
and, finally, five hours across the conti¬ 
nent to the Pensacola Mountains, by¬ 
passing the South Pole en route. Now, 
after setting up our base camp, we were 
finally at the mountains near the south¬ 
ern margin of the same ocean that laps 
the beaches of Los Angeles. 

We still had to get to the rocks, how¬ 
ever. In Antarctica such excursions take 
time. Hating selected a possible cre¬ 
vasse-free landing site, our pilot brought 
the Twin Otter dawn for a “ski drag/ 1 
I hat is, he put some weight on the land¬ 
ing gear but maintained enough air¬ 
speed to take off again. We circled and 
carefully examined these tracks. Cre¬ 
vasses can be hidden under snow, but 
here there were no telltale signs of blue 
cracks. Coming around again, we 
touched down and stopped quickly so 
as to reduce the chance of hitting rough 
ice beneath the snow. It was a bumpy 
landing, nonetheless, although the air¬ 
craft appeared to have suffered only su¬ 
perficial damage. We roped ourselves 
together for safety and started to walk 
across the windblown snow to the base 
of the cliff, leaving our anxious pilot to 
examine the plane. 

Fossil Clues 

T he boundary between the tw r o rock 
types exposed in the Pensacola 
Mountains is one of the most funda¬ 
mental in the earth T s history. After the 
birth of the planet 4.5 billion years ago 
came the four-bill!on-year-long interval 
of time known as the Precambrian. To¬ 
ward the end of this era—about 750 
million years ago, while the first soft- 
bodied, multicellular creatures were de¬ 
veloping—the brown sandstones of the 
underlying Patuxent Formation we had 
just sighted were deposited. The strata 
were laid down in a rift valley that 
opened within the continental shield. 
As the rift deepened, rivers poured in, 


dropping their eroded soils onto the 
valley floor. 

About 540 million years ago, an ex¬ 
plosion of multicellular animal life ush¬ 
ered in the Cambrian period. Myriad 
cone-shaped skeletons of the creature 
Archaeocyatha collected in shallow seas 
that had advanced over the sandstone. 
These formed a reef along the rim of 
East Antarctica that was eventually 
transformed into limestone. (The cap 
on the Patuxenl Formation is called the 
Nelson Limestone.) Because .Archaeocy¬ 
atha was a warm-water animal, what is 
now the western margin of the East Ant¬ 
arctic shield must have been situated in 
tropical latitudes during the Cambrian. 

The rifting event that led to the Pa¬ 
tuxent sandstones’ being deposited re¬ 
flects the separation of East .Antarctica 
from some other continental landmass. 
The divergence opened the Pacific Ocean 
basin about 750 million years ago. (Sub¬ 
sequently, igneous rocks from island 
volcanoes and material scraped off the 


TRANSANTARCTIC MOUNTAINS mark an an¬ 
cient boundary between East Antarctica and 
another continent, probably North America. 
The Dry Valleys {right) are cut into the up¬ 
lifted margin of the chain. Features on today’s 
earth (above) record the travels of North Amer¬ 
ica around other continents. 



38 SciENTiric American January 1995 


GALEN HOWELL iWowi&yn Light 






subducting ocean floor accreted onto 
East Antarctica, forming West Antarcti¬ 
ca.) This rifting occurred long before 
the supercontinent Pangea—from which 
the present continents broke off—was 
formed, Pangea was assembled only at 
the end of the Paleozoic era, approxi¬ 
mately 2 SO million years ago. It started 
to fragment during the Jurassic period 
of the Mesozoic era, approximately 170 
million years ago, creating the Atlantic 
and other young ocean basins. 

Making our way up a ridge toward the 
top of the cliff, we saw that the lowest 
layers of the Cambrian strata—which 
lie below the limestone—were made of 
pink conglomerate and coarse sand¬ 
stones. As the sea advanced over the 
deepening rift and the subsiding mar¬ 
gin, it had ground the PreCambrian 
rocks into boulders, pebbles and sand 
grains. The deposits became more fine¬ 
grained as we climbed, and the quartz 
sandstones immediately underneath the 
Nelson Limes lone had the appearance 
of old friends. They were full of vertical 
worm burrows known as Skolithus\ 


These tubes are the only traces of an¬ 
cient filter-feeders, which extracted nu¬ 
trients from sediments and left a clay¬ 
ey residue around their burrows. "Just 
like western North America,* 1 noted out 
loud, "but then just like the Durness 
rocks of northwestern Scotland, too." 
Indeed, strata deposited by the seawa¬ 
ter that advanced to cover most of the 
continents 540 million years ago—as 
evinced by the presence of Cambrian 
seashores in such places as Wisconsin— 
are remarkably similar on all continents. 

Matching Mountains.,. 

T here is nothing like personal expe¬ 
rience with rocks, however, to set a 
geologist thinking. My first impressions 
of the Transant arctic Mountains in 1987 
raised a question that stayed near the 
forefront of my mind: Could the conti¬ 
nent from which Antarctica rifted apart 
at the end of the Precambrian possibly 
have been western North America? Or 
were their margins at that distant time 
merely in similar environments on ei¬ 


ther side of an even more ancient Pa¬ 
cific Ocean basin? 

The answer has far-reaching implica¬ 
tions. The global paleogeography of the 
time (“paleo* is a prefix that geologists 
use to indicate "his tori cal”) is currently 
a mystery. To know how the continents 
w r ere distributed could provide clues to 
the vast environmental alterations Thai 
preceded the Cambrian period. Late in 
Precambrian times there were several 
ice ages, and the oceanic and, presum¬ 
ably, atmospheric chemistry 7 changed 
greatly. Multicellular animals evolved, 
heralding a biological profusion that in¬ 
cluded the far-distant ancestors of ver¬ 
tebrates and, hence, of human beings 
[see "End of the Proterozoic Eon," by 
.Andrew H. Knoll; Scientific American, 
October 1991]. 

It is dearly difficult to map out, with 
any degree of certainty, the geography 
of an ancient time on a dynamic planet 
with continents that move. .Alfred We¬ 
gener and other pioneers of the theory' 
of continental drif t had noted that sev¬ 
eral North and South .American moun- 
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tain ranges truncated at the Atlantic 
margins match up neatly across the 
ocean with mountain ranges in Europe 
and Africa, Nowadays magnetic data 
and satellite images of the ocean floor 
showing fractures—appearing rather 
like railway tracks, along which the con¬ 
tinents slid apart—allow us to recon¬ 
struct Pangea very accurately. 

A number of lines of evidence indi¬ 
cate that Pangea was not the original 
configuration of the continents. When 
iron-bearing rocks solidify from lava, 
they become magnetized in the direc¬ 
tion of the earth's magnetic field. The 
magnetization of rocks that congealed 
from pre-Mesozoic lava is quite differ¬ 
ent in North .America and .Africa, sug¬ 
gesting that in an earlier era these con¬ 
tinents moved separately. Volcanic rocks 
that were fragments of ancient ocean 
floor have also been found in mountain 
ranges of Pangea such as the Eamatinian 
belt (Argentina), the Mozambique belt 
(Africa) and the older Appalachians. 
These early Paleozoic and Precambrian 
ophiolites—as the rocks are called— 
demonstrate that former ocean basins 
closed when the supercontinent amal¬ 
gamated. Struck in the 1960s by the 
presence of early Paleozoic ophiolites 
in the Appalachian Mountains of the 
Maritime Provinces in Canada, the imag¬ 



inative Canadian geophysicist J, Tuzo 
Wilson asked: "Did the Atlantic Ocean 
open, dose and then reopen? 11 

In reconstructing continental config¬ 
urations prior to Pangea, we get no help 
from the ocean floors. Although the Pa- 
dfic Ocean basin already existed, ocean 
floor of such antiquity has long been 
thrust under the continents bordering 
the basin. Geologists therefore have no 
oceanic “railway map” for continental 
drift before Pangea, We have to fall 
back on evidence from the continents 
themselves, just as Wegener did when 
trying to reconstruct Pangea before 
modern oceanography and satellites. 

. . . and Margins 

W ithin Pangea there are some an¬ 
cient continental margins that have 
no obvious counterparts. The Padfic 
margins of North and South America, 
Antarctica and Australia were all formed 
near the end of the Precambrian, be¬ 
tween 750 and 550 million years ago. 
The Appalachian margin of Laurentia— 
the ancestral shield of North America— 
also rifted away from another continent 
at that time. Since Wilson asked his fa¬ 
mous question, the counterpart to this 
margin has usually been assumed to 
have been western Europe and north- 




ROCK STRUCTURES in Antarctica provide dues to North America's voyages, Con- 
certinalike folds Hop left} in the Patuxent Formation mark the Precambrian bound¬ 
ary between North America and Antarctica. As the two continents rifted apart, Ar- 
chaeocyatha (top right), among the first creatures with skeletons, formed a reef 
that fossilized into the Nelson Limestone cliff (bottom left). Outcroppings of rhyo¬ 
lite lavas in Littlewood Nunataks, Coats Land (bottom right), yield magnetic data 
that are being used to test the juxtaposition of North America and Antarctica. (The 
metal shack is a storm refuge for scientists from a nearby Argentine base.) 


western Africa. Rut there is no firm evi¬ 
dence for such a juxtaposition. 

In 1989 I led another Add trip to .Ant¬ 
arctica, as part of the international Ge¬ 
ological Congress hosted by the U.S, The 
object of the trip was to help bring Ant¬ 
arctic geology, long the private domain 
of a very small group of especially hardy 
souls (even among geologists!), into 
the mainstream of global earth science. 
Experts on the Himalayas, the Europe¬ 
an Alps, the Appalachians, the Rockies 
and many other regions participated. 

Soon after, one of these scientists, El- 
dridge M. Moores, was browsing in the 
library of the University of California at 
Davis when he came across a short ar¬ 
ticle by Richard T. Bell and Charles W, 
Jefferson of the Geological Survey of 
Canada. They pointed out similarities 
between Precambrian strata in western 
Canada and eastern Australia and con¬ 
cluded that the Pacific margins of Can¬ 
ada and Australia might have been jux¬ 
taposed. Sensitized by Ms recent trip, 
Moores realized this would imply that 
the Pacific margins of the U.S. and Ant¬ 
arctica had been juxtaposed, a thought 
similar to my own. After some quick li¬ 
brary research, he sent me a map high¬ 
lighting the structural parallels in the 
interiors of the Uurentian and East Ant¬ 
arctic shields. *Ts tills crazy? 11 he asked. 

Similarities in the internal structures 
of displaced continents can be power¬ 
ful evidence of former juxtaposition. 
Moores drew particular attention to a 
report citing that along the Transant- 
arctic Mountains—in a place called the 
Shackle ton Range (after the famous 
British explorer Sir Ernest Shackle ton)— 
he rocks similar in age and character to 
those underneath much of New Mexico 
and Arizona. He also pointed out that 
roughly billion-year-old rocks like those 
characterizing the Grenville province 
had been found near one Antarctic 
shore. The Grenville province is an aged 
band of rocks running along the eastern 
and southern margin of North America, 
from Labrador to Texas. He called his 
hypothesis—the idea that the continents 
had been juxtaposed—SWEAT, for 
Southwest U.S - East Antarctica. 

Fired up by the possibility that my 
question might finally have an answer, 
I reproduced Moores's reconstruction 
using the PLATES software at our insti¬ 
tute at the University of Texas at Austin. 
The program allows us to group togeth¬ 
er pieces of continents and move them 
over the globe with geometric precision. 
A short time later my colleague lisa M. 
Gahagan and I had removed any uncer¬ 
tainties about matching the boundar¬ 
ies: the scale and general shape of the 
two old rifted margins were indeed 
compatible. Moreover, the boundary be- 
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MIDDLE CAMBRIAN 
(530 MILLION YEARS AGO) 


MI D‘Q R DO VI Cl AN 
(487 MILLION YEARS AGO) 


NEOPHOTEROZOIC 
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LATEST NEOPROTEROZOIC 
(550 MILLION YEARS AGO) 


EARLY PERMIAN 
(260 MILLION YEARS AGO) 


LATE DEVONIAN 
(374 MILLION YEARS AGO) 


NORTH AMERICA rifted apart from within the supercontinent Rodinia (a), traveled 
around neighboring continents and rejoined them to form Pangea ( g). On its way it 
collided with the South American shield (d and f) and northern Europe (e), leaving 
characteristic fragments. The central figure is a composite that juxtaposes the var¬ 
ious positions of North America through its SOO-miHion-year odyssey, the remain¬ 
ing continents are portrayed in their positions of 260 million years ago. The an¬ 
cient latitudes of these landmasses are reconstructed using magnetic data. 
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a 750 MILLION YEARS AGO 


b 750 TO 550 MILLION YEARS AGO 




C 540 TO 500 MILLION YEARS AGO 


tween the Grenville rocks of Texas and 
the older rocks of Arizona and New 
Mexico projected into Antarctica—just 
where I knew there was a similar bound¬ 
ary under the ice, between the Shackle- 
ton Range and some tiny rock outcrops 
along the frozen shores of the Weddell 
Sea. It seemed as if the rocks right un¬ 
der my feet, those that form the llano 
uplift in Texas and from which the Tex¬ 
as State Capitol was built, were reap¬ 
pearing electronically in Antarctica! 

If the western edge of North America 
was joined to East Antarctica and Aus¬ 
tralia, then some other continent must 
have rifted off the Appalachian margin. 
Paul F. Hoffman, now at Harvard Uni¬ 
versity, and 1 have suggested that the 
eastern side of the Laurentian shield 
was wedged against the Precambrian 
shields of South America, known as 
Amazonia and Rio de la Plata, In manip¬ 
ulating the three shields on the com¬ 
puter screen, it occurred to me that the 
LabTador-Greenland prominence of 
Laurentia might have originated within 
the recess in the South American mar¬ 
gin between Chile and southern Peru, 
often referred to as the Arica embay- 
ment. Both the promontory and the 
embayment arc believed to date from 
late Precambrian times. But while they 
are of the same size and general shape, 
they were extensively modified when 
the Appalachian and Andean mountain 
chains rose. So a precise geometric fit 
Is not to be expected. 

My suggestion provides a possible ex¬ 
planation for a long-standing enigma of 
Andean geology. Along the otherwise 
youthful and active Peruvian margin 
are found 1.9-billion-year-old crystalline 
rocks. Hardolph A. Wasteneys of the 
Royal Ontario Museum has dated zir¬ 
con crystals from the Arequipa massif, 
along the coast of southern Peru, He de¬ 
monstrated that these rocks were high¬ 
ly metamorphosed when the Grenville 
Mountains were formed, L3 to 0.9 bil¬ 
lion years ago. They may therefore rep¬ 


resent a continuation of Lhe Grenville 
province into South America. 

The hypothesis of a South American 
connection for the eastern margin of 
Laurentia unexpectedly brought my ca¬ 
reer full circle. I grew up in Scotland 
and cut my geological Leeth on its rocks. 
Northwestern Scotland and the sub¬ 
merged Rockall Plateau—off the west¬ 
ern margin of the British Isles—re¬ 
mained part of North America until the 
North Atlantic Ocean basin had almost 
finished opening. Scotland was at the 
apex of the Labrador-Greenland pro¬ 
montory. When nestled (electronically) 
in the Arica embayment, the rocks of 
the Scottish Highlands that I studied for 
my doctoral degree in the 1960s appear 
to continue into equally old rocks of 
Peru and Bolivia. Given how well studied 
the Scottish Highlands are, they may 
provide critical tests for a former North 
America-South America connection. 

Assuming the SWEAT hypothesis and 
the Pan-American connection, we can 
try to reconstruct the global distribu¬ 
tion of continents and oceans in the late 
Precambrian. Most geologists believe 
that the relative areas occupied by con¬ 
tinents and ocean basins have not 
changed since the late Precambrian. If, 
therefore, Antarctica, Australia, North 
America and fragments of South Amer¬ 
ica were fused into a super continent, 
now named Rodinia, then there had to 
have been vast oceans elsewhere. Qphi- 
olitic relics caught up within the conti¬ 
nents indicate that these oceans lay be¬ 
tween India and today's East Africa (the 
Mozambique Ocean) and within Africa 
and South America (the Pan-African and 
Braziliano oceans, respectively). 

Between roughly 750 and 550 million 
years ago these ocean basins were de¬ 
stroyed, and all the Precambrian nuclei 
of Africa, Australia, .Antarctica, South 
America and India amalgamated into 
the supercontinent of Gondwana. It was 
during this time interval that the Pacif¬ 
ic Ocean basin opened between Lauren¬ 


tia and the East Antarctic-Australian 
landmass. Isotopic dating of volcanic 
rocks in Newfoundland shows that the 
ocean basin between Laurentia and 
South America did not open until the 
beginning of the Cambrian. North Amer¬ 
ica may therefore have separated out in 
a two-stage process. 

Calling Cards 

R econstructing the travels of North 
America requires an essential piece 
of information: the magnetization of 
ancient rocks. Such data allow geolo¬ 
gists to figure out the latitude and orien¬ 
tation of the rocks when they formed. 
But because the earth's magnetic field 
is axially symmetrical, paleomagnetic 
measurements cannot tell us about the 
original longitude of the rocks. Present- 
day lava from Iceland and Hawaii, for 
example, could reveal to a geologist 100 
million years from now the latitudes 
and the orientation of these islands but 
not their vast difference in longitude. It 
would not be apparent that the islands 
are in different oceans. 

Traditional reconstructions of LauTen- 
tia always place its Appalachian margin 
opposite northwestern Africa during the 
Paleozoic era. I decided to plot the rela¬ 
tion of North America to Gondwana dif¬ 
ferently, taking advantage of the fact 
that lhe longitude of the continent is 
not constrained by paleomagnetic data. 
It turned out that North .America could 
have made what one of my graduate 
students referred to as an "end run 55 
around South .America during the Pale¬ 
ozoic, starting from next to Antarctica. 

When Luis H. Dalla Saida, Carlos A. 
Cingoiani and Ricardo Varela of the Uni¬ 
versity of La Plata in Argentina saw the 
sketch of the “end run,” they became ex¬ 
cited. They had recently proposed that 
a Paleozoic mountain belt, whose roots 
are exposed in the Andes of northern 
Argentina, could have formed when an¬ 
other continent collided with Gondwa- 
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d 250 MILLION YEARS AGO 



e 180 MILLION YEARS AGO TO PRESENT 


CONTINENTAL DRIFT is reflected in ge¬ 
ology characteristic of each era. As Ro- 
dinia fragmented (a), sandstones of the 
Patuxent Formation in Antarctica were 
deposited. Glaciers lined the uplifted 
shoulders of the rift. In late Precam bri- 
an times {b) 7 the Pacific Ocean opened 
up by spreading of the seafloor. Soft- 
bodied fauna simultaneously developed. 
Oceans advanced over the continents 
in Cambrian times (c), inhabited by hard 
bodied trilobites and reef-forming Ar- 
chaeocyalha. Ry the time tetrapods 
roamed, the continents had amalgamat¬ 
ed into Pangea ( d). The Atlantic and In- 
dian oceans opened as Pangea broke 
apart (e) into today's world. 


na. Moreover, the western margin of 
this Famatinian belt indudes Cambrian 
and Lower Ordovician limestones (be¬ 
tween 545 and 490 million years old) 
containing trilobites characteristic of 
North .America. Perhaps, they reasoned, 
this is a “geologic calling card w left be¬ 
hind when North America collided with 
South America during the Ordovician 
period, 450 million years ago. 

It appears that after rifting from South 
.America at the end of the Precambrian, 
North America moved quite far away. 
During the Cambrian period, when 
Gondw r ana was undergoing glaciation, 
North America was equatorial. Ocean 
floor was then subducted beneath the 
South American craton, and North and 
South America collided again during 
the Ordovician, We think that the older 
part of the Appalachian Mountains, 
which terminates abruptly in Georgia, 
was once continuous with the Famatin- 
ian belt. This construction places Wash¬ 
ington, D.C, dose to Lima, Peru, during 
mid-Ordovician times. 

End of the Run 

A fter the collision, the continents sep- 
i \ arated again, apparently leaving 
North .American limestone with its char¬ 
acteristic trilobites in northwestern Ar¬ 
gentina. My Argentine colleagues and 1 
have suggested that these rocks tore 
off the ancestral Gulf of Mexico, known 
as the Ouachita embayment Blocks car¬ 
ried up by Andean volcanoes from be¬ 
low' the limestones have recently been 
dated at around one bUJion years old, 
just like those of the Grenville province 
that probably occupied the embayment. 

It is possible that the North and South 
American continents interacted again 
before North America finally collided 
with northwestern Africa to complete 
Pangea. French geologists studying the 
Paleozoic sedimentary- rocks of the Pe¬ 
ruvian Andes have found thai they are 
made of debris that must have eroded 


from a neighboring land mass. They as¬ 
sumed this continent, occupying the 
area now covered by the Pacific Ocean, 
to have been an extension of the Are- 
quipa massif in Peru. 

it may, however, have been North 
America. As Heinrich Bahlburg of the 
University 7 of Heidelberg has pointed 
out, ancient warm-water North Ameri¬ 
can fauna mingle with cold-water fauna 
of southern Africa and the Falkland (or 
Malvinas) islands in the 400-million- 
year-old (Devonian) strata of northwest¬ 
ern South .America. Together with a de¬ 
formation along the eastern seaboard 
of North America know n as the Acadian 
orogeny, and the truncation of moun¬ 
tain structures along the South Ameri¬ 
can margin, the evidence points to Lau- 
rentia’s sideswiping northwestern South 
America during the Devonian. There are 
even Ordovician limestones with South 
American trilobites—another calling 
card—at Oaxaca in Mexico. Only after 
North .America finally moved away from 
the proto-Andean margin did the An¬ 
dean Cordillera of the present day be¬ 
gin to develop. 

Some 150 million years later North 
America returned to collide with north¬ 
ern Europe, Asia and Gondwana. Pan¬ 
gea—with the Urals, the Armorican 
Mountains of Belgium and northern 
France, the Ouachitas and the youngest 


Appalachians as sutures—arose from 
the collisions of these continents. After 
a 500-million-year odyssey, North Amer¬ 
ica had finally found a resting place. 
But not for long, hi another 75 million 
years it separated from Africa as Pan¬ 
gea broke up, to move toward its cur¬ 
rent position. 

During the southern summer of 
1993-94—six years after my first 
glimpse of the Pensacola Mountains and 
glimmerings of North America's odys¬ 
sey—I returned to .Antarctica. This time, 
with my colleague Mark A. Helper, two 
graduate students and two mountain¬ 
eers, I explored the Shackleton Range 
and Coats Land, near the Weddell Sea. 
According to my computer simulations, 
this is where North .America’s Grenville 
rocks had projected 750 million years 
ago. .Antarctic geologists have long re¬ 
garded these areas as anomalous. 

At the end of our visit to littiewood 
Nunataks in Coats Land, we roped to¬ 
gether, picked up our ice axes and 
climbed back to another small aircraft. 
Weighing down our packs—and the air¬ 
craft, which groaned into the air—were 
our gleanings of the day. The first pale- 
omagnetic data from those samples 
seem to support the SWEAT hypothe¬ 
sis, In the laboratories of my colleagues 
Wulf A. Gose and James N. Connelly, we 
are still busily taking these rocks apart. 
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Elastic Biomolecular Machines 

Synthetic chains of amino acids, patterned 
after those in connective tissue, can transform 
heat and chemical energy into motion 

by Dan W. Urry 


T he motion of living organisms 
is an enigmatic phenomenon. It 
seems to come spontaneously 
from within, in the blink of an eye, in 
the twitch of a muscle, in the sudden 
kick of a runner, in the jerk-and-press 
of a weight lifter. Theirs is not the mo¬ 
tion of the jet airplane, the rocket or 
the truck, which results from the ex¬ 
plosive expansion of high-temperature 
gases. Nor is it externally imposed, as 
in the motion of sailing ships, waves or 
trees blowing in the wind. 

Every living organism represents the 
successful integration of many biomo¬ 
lecular machines that convert energy 
from light or raw chemical form into 
whatever the organism needs—motion, 
heat or the construction and disposal 
of internal structures. During the past 
four decades, biochemists have reverse- 
engineered the design of the proteins 
that form the principal components of 
these machines. Most recently my col¬ 
leagues and I have progressed to design¬ 
ing artificial models that can carry 7 out 
the energy conversions that occur in liv¬ 
ing organisms. These elastic molecules 
can stretch or contract in response to 
chemical and electrical signals, or they 
can generate chemical outputs in re¬ 
sponse to mechanical stimulation. In 
theory, these molecules can convert any 
stimulus into any other form of energy. 

Synthetic biomolecular machines can 
mimic the functions of particular pro¬ 
teins, but they are much simpler. Be¬ 
cause they pare away nonessentiaf ele¬ 
ments, they can lead biologists to a 
better understanding of basic cellular 
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mechanisms. Indeed, I believe that the 
principle underlying their operation 
may be responsible for the entire range 
of biological energy conversions. 

These molecules also have a broad 
potential for medical and nonmedical 
use. They can deliver drugs, prevent the 
formation of scar tissue or wick liquids 
away from skin. Their further develop¬ 
ment could portend a new kind of ser¬ 
vomechanism that combines sensors 
for heat, light, pressure or chemical 
change with the capacity for motion. 

Heat Increases Order 

A quarter of a century ago my col- 
. leagues and I began building on the 
work of the late Miles Partridge of the 
University of Bristol in England, who 
first analyzed the elastic structural pro¬ 
teins of connective tissue. We purified 
elastin, a protein found in the arteries, 
ligaments, lungs and skin of all mam¬ 
mals, and found that a solution contain¬ 
ing a particular fragment, alpha elastin, 
underwent a transition from a disor¬ 
dered state to a more ordered one as 
we raised the temperature. Between 15 
and 25 degrees Celsius, the molecules 
coalesced into a dense, sticky phase. 

All proteins are long chains of linked 
amino acids, the basic building blocks 
of life (which in turn consist of carbon- 
nitrogen backbones distinguished by 
the side chains attached to them). In 
1973 William R. Gray and Lawrence B. 
Sandberg and their co-workers at the 
University of Utah discovered that 
elastin contained repeating amino acid 
sequences, among them valine-pro- 
line-glycine-glycine (VPGG) and valine- 
proline-glycine-valine-glycine (VPGVG). 
Since then, we have synthesized poly¬ 
mers consisting of these and other re¬ 
peating units and studied their struc¬ 
ture. Substituting other amino acid resi¬ 
dues, such as glutamic acid (E), lysine 
(K) or isoleucine (I), for one of the va¬ 
line residues yields related fragments 
(VPGEG, VPGKG or JPGVG) with some¬ 
what different properties. Incorporat¬ 


ing these fragments into a chain can 
modify the chain's behavior. 

We found that, just like their natural 
exemplars, the synthetic polymer chains 
start in an extended state and then fold 
into a helix as the temperature rises 
[see illustration at top of pages 46 and 
471 The helices then aggregate to form 
filaments whose proportions are the 
same as those of purified natural elas¬ 
tic as so elegantly measured by the late 
Laurie Gotte and his co-workers at the 
University of Padua. 

When we cross-linked the molecules 
into sheets and bands (using gamma 
radiation from cobalt 60), they behaved 
much like similarly shaped pieces of 
rubber. In particular, the elasticity they 
displayed was mostly what physical 
chemists call entropic. The limited elas¬ 
ticity seen in a thin metal wire* comes 
from straining the interatomic bonds 
that hold it together—when the deform¬ 
ing force disappears, these bonds pull 
the material back toward its original 
length. Eventually, however, too much 
Stretching will break the bonds. In con¬ 
trast, when a rubber!ike protein is 
stretched, the bonds between its back¬ 
bone atoms remain unstrained. Instead 
the torsional motion of other atoms 
around these backbone bonds becomes 
restricted (and thus the entire mole¬ 
cule becomes more ordered). When the 
deforming force goes aw r ay, entropy— 
the natural slide toward disorder—re¬ 
stores the molecules to their original, 
freer configuration. 

All of us carry proof that entropic 
elasticity 7 is resilient. The elastic fibers 
in human arteries—especially in the 
aortic arch—typically survive for more 
than 60 years, undergoing billions of 
cycles of stretching and relaxation. 

The entropic nature of these elastic 
polymers also points to a basic conun¬ 
drum in their behavior: How can their 
structure become more ordered as the 
temperature increases? Most materials 
become less orderly at higher tempera¬ 
tures, for example, by melting or vapor¬ 
izing. For that reason, we refer to the 
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change in the polymers as an inverse 
temperature transition 

The explanation for this phenome¬ 
non, we believe, is in the water that per¬ 
meates the polymers. Parts of the poly¬ 
mer chain are hydrophobic { l TvaterTear¬ 
ing, P! or apolar), and others are 
hydrophilic (“water-loving,” or polar); 
water molecules accordingly arrange 
themselves around these sections of 
the molecules in different configura¬ 
tions. The relative stability of those 
configurations changes with tempera¬ 
ture, and so does the preferred shape 
of the protein. 

Because the hydrophobic segments 
do not interact strongly with water, the 
water molecules near them Form hydro¬ 
gen bonds among themselves, creating 
a series of pentagonal structures. This 
arrangement of the water helps to keep 
the polymer in an extended shape: fold¬ 
ing would require breaking some of the 
hydrogen bonds. 

At low temperatures the ordered pen¬ 
tagonal structure is stable. With increas¬ 
ing temperature, however, comes a ten¬ 
dency to disorder, and at some point 
the random thermal energy of the wa¬ 
ter molecules suffices to disrupt the hy¬ 
drogen bonds. The pentagonal arrange¬ 
ment of water molecules then gives way 
to the amorphous, shifting bonds that 
characterize liquid water in bulk. Un¬ 
hindered by the water surrounding it, 
the protein can assume its folded shape. 
As required by the second law of ther¬ 
modynamics, the increase in the disor¬ 
der of the water is greater than the in¬ 
crease in the order of the chain: the to¬ 
tal entropy of the system rises. 

Altering the Transition Temperature 

T o put this mechanism to work, we 
placed our elastic sheets and bands 
in a water bath and raised the tempera¬ 
ture through the range at which we 
would expect the inverse temperature 
transition to occur. As we had expect¬ 
ed, the materials contracted to one half 
their swollen length. By moving in re¬ 
sponse to a temperature change, these 
biopolymers had converted heat into 
work, just as conventional engines do. 
This conversion turned out to be highly 


SYNTHETIC PROTEIN SHEET (between 
clamps, top) lifts a small weight when it 
is heated, converting thermal energy to 
work (bottom). The sheet shrinks and 
becomes less transparent as its internal 
order increases. It consists of cross- 
linked chains of amino acids; each 
chain contains 100 or more repetitions 
of the sequence valine-proline-glycine- 
valine-glycine. 
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BIOPOLYMER 

AT LOW TEMPERATURE 


efficient: some biopolymers can lift 
more than 1,000 times their dry weight. 

The precise temperature at which the 
transition takes place depends on the 
mix of polar and apolar segments in 
the polymer. Hydrophilic side chains on 
the amino acids tend to raise the tran¬ 
sition temperature; hydrophobic side 
chains lower it. The reason for this trend 
is that hydrophilic groups such as ear- 
boxylate (COO") exert a strong pull on 
water molecules and so can destroy the 
pentagonal-structure water surround¬ 
ing adjacent hydrophobic side chains. 
Consequendy, a temperature that would 
disrupt the order of water around a se¬ 
ries of hydrophobic groups will have 
less effect when hydrophilic chains are 
nearby, because the water has already 
been disordered. 

Adding hydrophilic groups to a chain 
thus increases the transition tempera¬ 
ture. At the same time, however, the hy¬ 
drophilic groups reduce the amount of 
energy required for folding because 
only a few remaining pentagonal w r aier 
bonds need be disrupted. In one bio- 
polymer, inserting just two units of car- 
boxylate per 100 backbone amino acid 
residues can reduce the amount of heat 
required to fold it by 75 percent. 

Of course, when animals move, their 
muscles respond to electrochemical sig¬ 
nals, not to temperature changes. To 
mimic this behavior, we have made var¬ 
iants of our original bioelastic polymer 


in which a stimulus can trigger folding 
or unfolding by altering the transition 
temperature. The thermal environment 
remains constant, but the molecular 
chain's response to it changes. (1 call 
this effect the AT r - mechanism because 
of the w ? ay it manipulates the transition 
temperature, T t .) 

The key to this legerdemain is an 
amino acid with a side chain that can 
change its behavior from water-fearing 
to water-loving (and back again), de¬ 
pending on conditions around it Our 
first success came with glutamic add, 
whose side chain takes the form of 
CQOH under add conditions and COO - 
at neutral pH. COOH is more hydropho¬ 
bic than is the charged COO - , and so at 
body temperature a band containing 
glutamic add should contract at low 


pH and swell at the roughly neutral pH 
prevalent inside a living organism. 

Theory into Practice 

e demonstrated this behavior with 
a sheet made of poiy[4(VPGVG), 
(VPGEG)], a polymer in w r hich one of ev¬ 
ery five repeating amino add sequenc¬ 
es contains a glutamic acid residue in 
place of a valine. When we changed the 
pH from seven to four, the sheet con¬ 
tracted and lifted a weight. To our 
knowledge, this experiment marked the 
first time that a synthetic model pro¬ 
tein had been made to convert chemi¬ 
cal energy reversibly into motion. 

As with the purely temperature-driv¬ 
en transition, the chemical conditions 
under which folding takes place depend 
on the mix of hydrophilic and hydro- 
phobic side chains. If a polymer’s side 
chains are mostly hydrophobic, a great 
deal of pentagonal water must be de- 
structured before the chain can con¬ 
tract. The energy requirement can shift 
the transition to a higher pH. For exam¬ 
ple, if the glutamic acid is surrounded 
by several very hydrophobic groups, its 
side chain will remain in the COOH 
state at typical body pH, Yet the transi¬ 
tion, once initiated, will go to comple¬ 
tion over a much smaller pH range. All 
the COOH groups will change to COO“ 
when the pH changes from seven to 
eight (instead of the more usual range 
f rom four to seven). 

We have since demonstrated that we 
can make a protein chain expand or 
contract in response to any reversible 
change that raises or lowers its transi¬ 



ELECTRICAL ENERGY 


ENERGY can be converted between many different forms by biomolecular ma¬ 
chines. Some conversions (such as heal to motion) proceed directly (red arrows ), 
whereas others require an intermediate step (gray arrows ), 


tion temperature. For example, we can 
convert electrical energy to motion by 
attaching a so-called prosthetic group 
(a molecular fragment that readily ac¬ 
cepts or gives up electrons) to the 
chain. The prosthetic group is more hy¬ 
drophobic in its reduced state, after it 
has gained an electron, than in its oxi¬ 
dized state. As a result, adding electrons 
will low r er die chain’s transition temper¬ 
ature, thereby causing it to fold. 
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ANDREAS WlNDEMUTH using GRASP by Anthony Mchatis and Barry Honig. Columbia University 


basic unit give rise to a helical structure, about 1.8 nanoine- 
ters across, known as a beta spiraL The folding or extension 
of the spiral depends on interactions between water and hy¬ 
drophobic side chains on some of the amino adds. 


AMINO ACID CHAIN stretches at low temperatures {top) and 
folds at higher ones (bottom). The amino add residues vaiine 
(blue), proline ( orange ) and glycine (green) bond to one an¬ 
other to form one third of a spiral turn. Repetitions of this 


A biopolymer that contains hydro- 
phobic residues such as phenylalanine 
can convert changes in pressure to mo¬ 
tion. The chains fold at low pressure 
and extend when higher pressures fa¬ 
vor the pentagonal water structure. Fi¬ 
nally, we can convert light to motion by 
attaching a photosensitive group: either 
azobenzene or dnnamide will switch 
from a more hydrophobic to a more hy¬ 
drophilic state when struck by light of 
the appropriate wavelength. 

A Universal Mechanism? 

A s biochemists take apart living cells 
at the molecular level or synthe¬ 
size exact duplicates of their compo¬ 
nents, it will be possible to determine 
whether the inverse temperature-tran¬ 
sition mechanism is in fact the one 
that living organisms use. All the avail¬ 
able evidence points in that direction. 
First, it is the most efficient mechanism 
known for driving the folding and un¬ 
folding of proteins. Natural selection 


ought by rights to have found it over the 
course of three billion years. Indeed, it 
is the most efficient method known in 
polymers for converting chemical ener¬ 
gy into motion. Polymers that expand 
or contract in response to repulsion be¬ 
tween charged subunits are not nearly 
so effective, because the surrounding 
water molecules shield ihe charges from 
one another. Polymethacrylic acid, for 
example, must convert 1 5 times as many 
residues from charged to uncharged to 
accomplish the same work as one of our 
biopolymers. 

Second, phosphates—the energy cur¬ 
rency of choice in most organisms, in 
the form of ATP (adenosine triphos¬ 
phate} and its equivalents—are extraor¬ 
dinarily good at driving changes in the 
transition temperature. Adding a phos¬ 
phate is four times as effective as con¬ 
verting carboxy lic acid to carboxylate. 
Bound ATP, which acts as a multiply 
charged phosphate group for these pur¬ 
poses, is equally potent. 

Testing the effect of phosphates on 


our molecular chains was not simple. 
We had to create a polymer containing 
a sequence of amino acids that could 
be phosphorylated or dephosphorylat- 
ed easily by adding enzymes to the 
fluid surrounding it. Success came with 
a subunit known as RGYSLG (arginine- 
glycine -tyr osi ne - se rine-leurine -glycine) 
and an enzyme called a protein kinase, 
which adds phosphate to the serine res¬ 
idue. By inserting a 3 percent fraction 
of this sequence in our chains, w r e made 
polymers that would unfold in the pres¬ 
ence of the protein kinase. .Alkaline 
phosphatase, which removes the phos¬ 
phate, caused the chains to fold again. 

The phosphate-driven mechanism that 
we demonstrated in our biopolymer 
could also control the folding and as¬ 
sembly of proteins inside a ceil. A par¬ 
ticular protein, for example, might fold 
into a closed position at body tempera¬ 
ture because its environment is too hot 
for pentagonally bonded water to form 
around its hydrophobic surfaces. A sin¬ 
gle phosphate or a molecule of ATP 
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bound to the protein would permit wa¬ 
ter to surround the area in destructured 
form and so shift the equilibrium to¬ 
ward the open position. 

By forcing such a protein open, the 
phosphate could expose bonding sites 
that would otherwise be hidden from 
other proteins, thus facilitating crucial 
interactions* For example, "heat shock” 
proteins (also known as chaperonins) 
help some proteins with significant hy¬ 
drophobic surfaces to fold properly. In¬ 
terestingly, one such chaperonin has a 
form homologous to the component of 
muscle that binds ATP. 

I believe that the inverse temperature- 
transition mechanism is at the heart of 
most biological conversions of energy. 
Oxidative phosphorylation, the process 
whereby the chemical energy in food is 
converted to ATP, can be understood 
largely in terms of this mechanism, in¬ 
side cells the oxidation and reduction 
of prosthetic groups produce gradients 
of protons, which in turn drive the 
phosphorylation reactions that form 
ATP. AH these energy-conversion steps 
could be accomplished by proteins 1 
folding or unfolding in response to 


changes in their transition temperatures. 

Building biopolymers that react to 
ATP and its associated enzymes will 
help researchers understand many ba¬ 
sic cellular mechanisms. Such knowl¬ 
edge could eventually Lead to synthetic 
replacements for muscles and a variety 
of tissues* Bioelastic materials are par¬ 
ticularly promising as tissue substitutes 
because they can be made in a range of 
consistencies. Depending on the amino 
acids in the polymer chains, the result 
may be gelatinous, rubbery or as rigid 
as plastic. Matching the elastic proper¬ 
ties of the tissue being replaced, either 
temporarily or permanently, is crucial 
to integrating the synthetic with the liv¬ 
ing tissue around it. Cells can sense the 
tension to which tissue is subjected; 
stretching (or compression) appears to 
trigger chemical responses that cause 
the cell to function appropriately for 
its particular location. 

Long before bioelastic polymers be¬ 
come satisfactory tissue substitutes, 
however, they will have a host of other 
applications in the body. Unlike most 
other materials, elastic sheets of 
poly(VPGVG) implanted in rabbits and 


rats appear to be simply ignored by the 
immune system. The most immediate 
application of this biocompatibility 
could be in preventing adhesions, the 
painful and potentially dangerous over¬ 
growths of tissue that often occur after 
surgery or trauma. A sheet of polymer 
acting, in essence, as an internal ban¬ 
dage can keep adjacent layers of tissue 
from fusing together, 

Lynne D. Hob an, Taffy Williams and 
Adam McKee, working at the Naval Med¬ 
ical Research Institute, placed a steril¬ 
ized sheet of poly(VPGVG) in the ab¬ 
dominal cavities of rats during surgery’ 
that usually causes adhesions. They 
found that the material reduced de¬ 
structive tissue growth to an insignifi¬ 
cant level in 80 percent of their subjects. 
Half of the adhesions that did form oc¬ 
curred because the sheet had been tom 
during the operation. In the remaining 
cases, tissue overgrowth engulfed the 
entire sheet, but the polymer separated 
readily from the adhesion. 

These materials also look promising 
in preliminary studies of eye surgery. 
Surgeons correct strabismus (a mis¬ 
alignment of the eyes) by repositioning 
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WATER DESTRUCTURED 
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PENTAGONAL WATER structure is the result of hydrogen 
bonds between water molecules adjacent to hydrophobic 
molecular groups. Tins low-energy state is stable at low r tem¬ 
peratures (center) but becomes progressively more unstable 
at higher ones ( right ), Charged, hydrophilic molecules can 


destroy this pentagonal structure {left) by forcing water 
molecules to line up around them. Pentagonal water sur¬ 
rounding an amino acid chain can prevent it from folding be¬ 
cause energy is required to break the hydrogen bonds so that 
the water can move out of the way. 


48 SCIENTIFIC American January 1995 


JARED SCHNEIDMAIWJ3D 









some of the muscles that control the 
gaze. Unfortunately, this procedure of¬ 
ten leaves scar tissue on the muscle, 
impairing its function. Frederick]. Elsas 
of the University of Alabama at Birm¬ 
ingham's Eye Foundation Hospital, op¬ 
erating on rabbits, found that wrapping 
the cut muscles in a biopolymer sleeve 
prevented this scarring. These elastic 
bands also appear to hold promise for 
surgery to correct detached retinas; they 
can be wrapped around the eyeball to 
compress it and promote healing after 
the retina has been tacked in place by a 
surgical laser. 

Synthetic polymer chains can also in¬ 
corporate biologically active amino add 
sequences. A cross-linked sheet con¬ 
taining one unit of the well-known cell- 
attachment sequence glycine-arginine- 
glycine-asparagine-serine-proline 
(GRGDSP) for every 40 units of GVGVP 
is still clear and elastic. Instead of ig¬ 
noring this sheet, however, cells adhere 
to it, spread and grow to confluence. A 
temporary functional scaffolding of bio¬ 
elastic materials for an artificial blood 
vessel, for example, could be designed 
so that cells would invade and convert 
the matrix into natural tissue even while 
the polymer sewed its required struc¬ 
tural role. 

Integrated Drug Delivery 

M ore complexhiopolymers might be 
able to mimic not the mechanical 
functions of tissues but rather their 
chemical behavior. A block containing 
therapeutic agents could release them 
either at a fixed rate over time or by 
means of built-in sensing mechanisms— 
what Ralph Chris toffer sen of Ribozyme 
Pharmaceuticals calls a diagnostic-ther¬ 
apeutic pair. 

Such sustained-release polymers 
might rely on chemical clocks that 
convert an uncharged carboxamide 
(CONH 2 ) to carboxylate (COCT) over a 
period that can range from days to de¬ 
cades. In combined diagnostic-thera¬ 
peutic devices, designers could couple 
a combination of enzymes and pros¬ 
thetic groups to the molecular chains so 
that conditions in the body would con¬ 
trol folding or unfolding automatically. 
A biopolymer to control diabetes, for 
example, might incorporate a prosthetic 
group coupled to the enzyme glucose 
reductase. As blood sugar increased, 
the enzyme would transfer electrons to 
nearby glucose molecules from the 
prosthetic group. Newly hydrophilic, the 
polymer would swell, releasing insulin. 

Elastic biopolymers can be used in 
more mundane ways as well. Because 
the conversions that control folding are 
generally reversible, the molecules can 



FIBROBLASTS grow on the surface of a biopolymer whose structure has been 
modified to include chemical sites for cell attachment. (Unmodified versions im¬ 
planted in the body provoke neither cell growth nor inflammation.) Such polymers 
could temporarily replace arteries or other tissues. 


convert mechanical w T ork to chemical 
or other forms of energy just as easily 
as they convert light, heat or pressure 
to motion. A biomolecuiar desalination 
plant might rely on a polymer belt that 
normally shrinks in the presence of salt. 
The belt would be stretched in briny 
water, opening up space for water mol¬ 
ecules (but not dissolved salts) to form 
pentagonal structures around its hy¬ 
drophobic side chains. Rollers in a dis¬ 
charge tank would squeeze out the 
purified water. 

Another, more down-to-earth appli¬ 
cation arises out of the polymers* com¬ 
bination of water absorption and tem¬ 
perature sensitivity: a uniquely effective 
biodegradable diaper. Consider a diaper 
made of a molecular chain that experi¬ 
ences an inverse temperature transition 
just below the normal temperature of 
skin. When liquid touched the inside 
surface, the molecules there would soak 
it up, but they would remain in the Fold¬ 
ed state. The polymer chains' propen¬ 
sity to unfold at lower temperatures 
would spontaneously wick fluid away 
from the warm body and toward the 
cool outer surface, The dry matrix could 
absorb 10 times its own weight in water, 
and after use the diaper would be read¬ 
ily degraded by microorganisms in the 
environment. Genetic engineers have al¬ 
ready placed the DNA sequences for 
making several bioelastic materials into 
Escherichia cali bacteria; mass produc¬ 
tion in fermenting tanks could eventu¬ 
ally make the cost of biomaterials com¬ 
petitive with that of the organic poly¬ 
mers now used in disposable diapers. 

This simple design is but one of the 


many nonmedical uses possible for 
elastic biopolymers. Bioelastic materi¬ 
als have so many potential uses in part 
because they can be designed to inter¬ 
convert so many forms of energy. They 
can sense almost any change in the en¬ 
vironment around them, and they can 
produce chemical, electrical or physical 
responses. Once these materials can be 
made in commercial quantities, they 
should be cheap enough to apply al¬ 
most anywhere. Implanted molecular 
clocks, moreover, will permit products 
made from them to degrade gracefully 
once their working lives are finished. 

Perhaps in the next century biome¬ 
chanical devices will transform every¬ 
day life as thoroughly as electrical de¬ 
vices have in this century. My colleagues 
and I look forward to a busy future de¬ 
signing elastic biomolecuiar machines. 
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The Oldest Old 

People in their late nineties or older are often 
healthier and more robust than those 20 years younger. 
Traditional views of aging may need rethinking 


by Thomas T. Peris 


T n medical school I was taught that 
I the incidence of chronic, disabling 
_L disorders, particularly Alzheimer's 
disease, increases inexorably with age, I 
therefore expected that people older 
than 95 years, often called the oldest 
old, would be my most debilitated pa¬ 
tients. Yet when 1 became a fellow in 
geriatrics, 1 was surprised to find that 
the oldest old were often the most 
healthy and agile of the senior people 
under my care. In fact, the morning 1 
was scheduled to interview a 100-year- 
old man as part of a research project, he 
told me I would have to delay my visit. 
He had seen 19 American presidents 
take office, and he would be busy that 
morning voting for the next one. 

Such encounters made me wonder if 
the prevailing view of aging as advanc¬ 
ing infir mity was partly wrong. Could it 
be that many people in their upper nine¬ 
ties enjoy good health and that the old¬ 
est old constitute a special—and long- 
misunderstood—population? Since then, 
the centenarians 1 have met have, with 
few exceptions, reported that their nine¬ 
ties were essentially problem free. As 
nonagenarians, many were employed, 
sexually active and enjoyed the outdoors 
and the arts. They basically carried on 
as if age were not an issue. .And accu¬ 


mulating evidence indicates that a sig¬ 
nificant portion of the oldest old are in¬ 
deed healthier than many people in their 
eighties or early nineties. The common 
idea that advancing age inevitably leads 
to extreme deterioration does, indeed, 
seem to require revision. 

Estimated costs of caring for the old¬ 
est old in the future might need modi¬ 
fication as well. The centenarian popu¬ 
lation grew by 160 percent in the U.S. 
during the J 980s, Many demographers 
predict that 20 million to 40 million 
people will be aged 85 or older in the 
year 2040, and 500,000 to four million 
will be centenarians in 2050. The eco¬ 
nomic burden of caring for people old¬ 
er than 85 could be vast, especially if a 
huge percentage of them need special 
care. Yet it may well be that health bills 
for the oldest old will be Lower than 
previously expected. 

Some of the first evidence support¬ 
ing my suspicions came from a study 
on Alzheimer's disease that 1 conduct¬ 
ed with my mentor, Lewis A. Lipsitz of 
the Hebrew^ Rehabilitation Center for 
Aged in Boston. Surveys have reported 
that this disorder devastates the mind 
and ultimately kills about 40 percent of 
those aged 85 and older. Some investi¬ 
gators believe that close to 50 percent 


100 YEARS OLD AND STILL SWIMMING, Tom Lane raced in the 100-meter back- 
stroke event of the Senior Olympics, held last September outside San Diego, Lane 
is among the many healthy centenarians who contradict the traditional idea that 
age always brings with it severe debilitation. In addition to swimming. Lane also 
throws the javelin and shot put, bowls and plays golf. 





THOMAS T. PERLS met his first centenarian in his own 
family—his great-grandmother, Julia Grunewald, lived to be 
102, She is shown with the author at the left. As principal 
investigator of the New England Centenarian Study, Peris 
has examined definitions of normal aging and pursued 
preventive strategies for Alzheimer's disease. He received 
his medical degree from the University' of Rochester and 
his master's in public health from Harvard University. Peris 
is an instructor at Harvard Medical School and a geriatri¬ 
cian at Deaconess Hospital in Boston. He is also a recipient 
of an Alzheimer's Association Faculty Scholar Award. 
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of 90-year-olds have Alzheimer’s dis¬ 
ease and that op to 70 percent of cen¬ 
tenarians are affected- Yet many of the 
studies on which these conclusions are 
based did not include subjects older 
than 93 years, which casts some doubt 
on these projections. Ln 1991 Lipsitz 
and t undertook a pilot study to see if 
the occurrence of Alzheimer's disease 
at the center, a chronic care hospital, 
matched the predictions for centenari¬ 
ans. We found that of the 12 residents 
in their hundreds, only four seemed to 
have Alzheimer's disease. This low fig¬ 


ure-only 25 percent—was particularly 
striking considering that residents of 
such facilities are more likely to be im¬ 
paired than are their counterparts in 
the community. 

Selective Survival 

O ur finding suggested that, at least 
cognitively, the oldest old were in¬ 
deed in better shape than has usually 
been assumed. What, we wondered, 
could explain their good condition? We 
suspect that the answer to Lhis riddle is 


that, for whatever reason, some people 
are particularly resistant to acquiring 
the disorders that disable and kill most 
people before age 90. Because of this 
resistance, they not only outlive others, 
they do so relatively free of infirmities. 
In other words, in a kind of survival-of- 
tfae-fittest phenomenon, these individu¬ 
als seem to be selected for long-term 
survival because they possess traits that 
enable them to avoid or delay the dis¬ 
eases that commonly accompany aging. 

The concept of selective survival was 
applied, somewhat more narrowly, by 
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Survival of the Fittest 

J eanne Caiment, a Frenchwoman who turns 120 in February, is old¬ 
er than anyone whose age has been confirmed. She is shown at a 
party celebrating her 116th birthday* Caiment is among the peo¬ 
ple who taught researchers that mortality rates for the oldest old are 
much lower than would be predicted by extrapolating from the death 
rates of younger individuals (left graph) James W. Vaupel and Anatoli 
Yashin of Odense University in Denmark, A. Roger Thatcher, formerly 
of the Office of Population Censuses and Surveys in London, and Vaino 
Kannisto, formerly of the United Nations, examined death statistics on 
eight million people. They found that after age 97 a person’s chance of 
dying at a given age veers from the expected trend (light green). In¬ 
stead of increasing exponentially the rate slows to become more lin¬ 
ear {dark green). (The ratio would exceed one if an entire age group 
were to die In less than a year.) These findings support the author’s 
suggestion that the oldest members of our species tend to be healthi¬ 
er than traditional views of aging would predict. 

Similar mortality trends were observed among medflies (right graph), 
providing further support for the author’s hypothesis. James R. Carey 
of the University of California at Davis compared expected death rates 
(fight orange) with observed rates (dark orange). He found that the 
chance of dying at any given age peaked at around the age of 50 days. 
After that, the risk began to decline, so that by the age of 100 days, the 
oldest insects had only a 5 percent chance of dying on a given day. 


demographers in the 1970s to older 
African-American populations. Research¬ 
ers reported that although the death 
rates for blacks were higher than for 
white Americans up to age 75, the trend 
reversed after that age. Then, in what 
some called a crossover phenomenon, 


whites were more likely to die at a giv¬ 
en age than were their African-Ameri¬ 
can counterparts. They speculated that 
blacks tended to die earlier because 
many of them were economically disad¬ 
vantaged and had less access to health 
care services. Therefore, those who sur¬ 


vived represented an unusually vigor¬ 
ous group, able to overcome obstacles 
that defeated others. Their vigor, in 
turn, later gave them a survival advan¬ 
tage over the majority of white Ameri¬ 
cans of similar age. 

This selective survival hypothesis may 
also clarify various other once puzzling 
findings demonstrating unusually good 
cognitive and physical health in the old¬ 
est old. It seems that men who survive 
into their late nineties become less and 
less likely to develop Alzheimer’s dis¬ 
ease with each passing year* Moreover, 
the average man in his late nineties has 
a more intact mind than the average 
man in his eighties. These patterns prob¬ 
ably emerge because men who are sus¬ 
ceptible to Alzheimer’s disease general¬ 
ly die of the condition in their eighties 
or early nineties. These trends would 
be explained if the group of men who 
reach their late nineties consist almost 
exclusively of individuals who are not 
susceptible to Alzheimer's disease and 
who therefore retain their cognitive 
abilities indefinitely. 

Gender Crossover 

S urprisingly, as a group, men older 
than 90 generally have better men¬ 
tal function than do their female peers. 
Women, it seems, tend to live with their 
dementia rather Lhan lo die from it. In 
consequence, very old females on aver¬ 
age retain less of their mental abilities 
than do men of die same age—who rep¬ 
resent the healthy survivors left after 



AGE GROUP 

COGNITIVE ABILITIES of oldest old men (dark blue bar at far right) are on average 
higher lhan the abilities of their female peers (light blue bar at far right) even 
though among people aged 65 to 79 women seem to have a slight advantage (far 
left). The reversal, known as a gender crossover, occurs between the ages of 80 
and 89 (middle bars). It arises because men who are cognitively impaired general¬ 
ly die earlier than do women, leaving mainly mentally intact men behind. 
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other men susceptible to dementia have 
died off. 

At later ages, men also do better than 
women in terms of physical health. Men 
in their sixties and seventies are more 
susceptible than are women to strokes 
and heart attacks. Delayed onset of 
these acute conditions allows women 
to survive longer than men who have to 
cope with disease earlier in life. Ln ab¬ 
solute numbers, many more women are 
still alive at 95, but in terms of average 
mental and physical health, men begin 
to take the lead. The healthy men who 
have generally avoided illnesses dem¬ 
onstrate a survival advantage over wom¬ 
en; although men make up 20 percent 
of 100-year-olds, 40 percent of 105- 
year-olds are male. This switch to more 
mentally and physically fit men after 
age 90 constitutes what I have called a 
gender crossover. 

Early signs of the gender crossover 
can be seen in studies of 80-year-olds. 
Men who survive to this age without 
major health problems often continue 
to live without needing special care, 
Richard M. Suzman and his colleagues 
at the National Institute on Aging found 
that men older than 80 years in one 
such study were more independent than 
were similarly aged women. Their 1984 
report indicated that 44 percent of the 
men in that age group were robust and 
independent compared with only 28 per¬ 
cent of women in the same age group. 
Additionally, Kenneth G, Manton and 
Eric Stailard of Duke University estimat¬ 
ed the active life expectancy—that is, 


the years of independent life left—for 
members of the U.S. senior population. 
Their findings showed that after age 85, 
men could expect to live a healthy and 
active life longer than women could. 

What biological and environmental 
factors might allow the oldest old hu¬ 
mans to reach age 95 and beyond in 
good health? Multiple and intertwined 
influences undoubtedly play important 
roles. So-called longevity genes seem to 
protect against the development of dis¬ 
eases; genetically or otherwise deter¬ 
mined adaptive abilities enable surviv¬ 
ors to avoid potentially life-threatening 
conditions. Modifications in everyday 
activities, such as not smoking, practic- 
ing better nutrition and exercising, may 
also help some people stay fit longer. 
Basic good luck surely helps as well. 

The Genetic Factor 

T empting candidates for possible 
longevity genes in humans are ones 
that control the body's mechanism fm 
protecting itself against oxygen radi¬ 
cals. These naturally occurring, highly 
reactive compounds damage DNA and 
can destroy cells. Everyone has a genet¬ 
ically determined ability to combat this 
type of damage. Gene variants that give 
rise to unusually efficient resistance to 
oxidative damage could well contribute 
to the life span of the oldest old by 
slowing the rate at which oxygen radi¬ 
cals damage cells. 

In addition to carrying longevity 
genes, the oldest old may have an un¬ 


usually low complement of deleterious 
genes. My colleagues and I have found 
evidence for such a scenario. Recently 
one variant of the gene coding for the 
protein apoiipoprotein E (apo-E) has 
been tied to a substantially increased 
risk of acquiring Alzheimer's disease. 
The average age of onset for Alzheim¬ 
er's disease appears to be related to the 
type of apo-E genes a person inherits 
from each parent. There are three com¬ 
mon forms: E2, E3 and £4. People w r ho 
inherit tw T o E4 genes (one from each 
parent) have an eight times greater risk 
than the general population of develop¬ 
ing the disease; those with two E4 genes 
who acquire the disease display symp¬ 
toms at an average age of 68. Alzheim¬ 
er's disease patients with tw r o E3 genes 
demonstrate symptoms of the disease 
somewhat later, at about 75 years. The 
role of E2 remains unclear, but there is 
evidence that it is associated with a 
low 7 er risk of developing Alzheimer's 
disease. 

In collaboration with Bradley T. Hy¬ 
man's laboratory at Massachusetts Gen¬ 
eral Hospital, we have determined the 
prevalence of E4 among healthy sub¬ 
jects aged 90 to 103. Our study revealed 
that 14 percent of the group (having an 
average age of 93) had at least one E4 
gene. Previous studies of 85-year-olds 
indicated that 18 percent carried at least 
one E4 gene, and 25 percent of subjects 
younger than 65 carried the gene type. 
The occurrence of the £4 variant de¬ 
creases markedly with advancing age, 
dropping nearly 50 percent over 28 
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EXTENT TO WHICH BODY IS AFFECT 


Three Who Thrive 



T he people shown here are some of the healthiest oldest 
old who have beaten the odds and survived into their late 
nineties or beyond. Research suggests that inheriting good 
genes probably provides the best hope for a long and healthy 
life. Other factors may be important as well. People such as 
these have their own hypotheses to explain their longevity; 
further scientific studies should help clarify the issue. 


ALFRED BENEDETTI, age iOJ, has participated in the javelin, 
shot put and basketball free-throw events in the Senior Olym¬ 
pics for the past II years. Up until last summer, he went 
bowling twice a week. Benedetti attributes his health and 
longevity to abstaining from smoking or drinking—except 
for the two indies of port wine he drinks every day. He is 
constantly busy and spends much of his time reading, writ¬ 
ing or working with his hands. 


years. (Other studies indicated there 
was an even greater decrease among 
centenarians.) We suspect that the old¬ 
est old groups demonstrate unusually 
low frequencies of E4 genes In pari be¬ 
cause this gene type is associated with 
an increased likelihood of developing 
.Alzheimer's disease and dying from it ; 
consequently, many of those with FA 
do not generally survive into their nine¬ 
ties . Although E4 may be one of many 
potential markers of increased mortali¬ 


ty risk, its value as a predictor of Alz¬ 
heimer's disease has not been proved. 

Genes may provide the blueprint for 
how long a person might live. In effect, 
they can be considered indicators of 
how well a person can cope with dis¬ 
ease. As such, genes help to determine 
two interrelated properties that influ¬ 
ence aging: adaptive capacity and func¬ 
tional reserve. Adaptive capacity 7 is a 
person's ability 1 to overcome a disease 
or injury or to cope with such stresses 
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effectively. Functional reserve refers to 
how much of an organ is required for 
its adequate performance. Obviously, 
one's adaptive capacity depends in part 
on the body's functional reserve, be¬ 
cause the ability 7 to deal with disease re¬ 
quires the proper functioning of organs. 

The importance of these two charac¬ 
teristics to the survival of many oldest 
old can be seen in the varying effects 
that the buildup of neurofibrillary tan¬ 
gles has on cognition. Neurofibrillary 
tangles describe the web of dead brain 
cells that occur naturally with aging but 
appear in abundance in patients with 
Alzheimer's disease. The number of tan¬ 
gles that can accumulate before signs 
of .Alzheimer's disease emerge varies 
among patients. For example, an autop¬ 
sy revealed that a 103-year-old man who 
displayed few' outward signs of .Alz¬ 
heimer's disease had a level of neurofi¬ 
brillary tangles that in a younger brain 


HIGH THRESHOLD for acquiring chron¬ 
ic diseases and a slower aging process 
may help explain why the aides l old of¬ 
ten survive in good health, according to 
the author's theoretical model. In most 
people, tissue damage resulting from 
disease processes occurs relatively ra¬ 
pidly (dark blue). Also, their disease 
threshold becomes lower quickly with 
age (light blue), so the symptoms of age- 
related diseases appear by age 80 or so 
E (a). Hardy individuals who age slowly 
§ (dark orange) and have a higher thresh- 
old for disease (light orange) become 
a symptomatic much later (b), if at all. 
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EH IK LEIGH SIMMONS 


ANGELINA STRANDEL, age 101, advises those who aspire to 
her age to “watch your calories and keep away from greasy 
food.” Strandel also indicates that although she has dealt with 
much turmoil in her life, she does not let the stress get to 
her. She now lives with her son; longevity seems to run in 
the family—StrandePs sister lived to age 100. 




HERBERT KIRK, age 99, graduated in 1993 from Montana State Uni¬ 
versity with a bachelor’s degree in art. He is shown here with his 
senior-thesis sculpture project. Kirk attributes his longevity to ex¬ 
ercising: he played tennis into his eighties and still loves to run. 
When he was 95, Kirk won two gold medals (in 800-meter and five- 
kilometer races) and one silver medal (in a 200-meter race) at an in¬ 
ternational seniors' track meet in Helsinki, Finland. 


would indicate the patient was proba¬ 
bly demented. Presumably, the older 
man had an excess reserve of brain 
function that allowed him to compen¬ 
sate for the process that was damaging 
Ms brain. Perhaps people who have a 
slow buildup of tangles and a high tol¬ 
erance for them can remain mentally 
intact for a long time, showing overt 
signs of Alzheimer's disease only very 
late in life, if at all. 

New Thoughts on Aging 

T he discovery that many people over 
age 95 are in good shape may mean 
that future planning for the health care 
of the oldest old will need to be revised 
Much of that planning is based on the 
theory 7 that although lethal conditions 
might be postponed as medical technol¬ 
ogy improves, the incidence of degen¬ 
erative diseases will be unaltered. The 
theory 7 predicts that The oldest old will 
keep suffering from more disease and 
chronic disability than do people in their 
eighties. If this theory were true, then 
the continued increase in the size of the 
oldest old population would portend a 
significant burden of poor health among 
the oldest members of our society. 

The emerging data, however, lit bet¬ 
ter with an opposing theory. James F. 
Fries of Stanford University has pro¬ 
posed that better ways of life and med¬ 
ical advances will compress morbidity, 
mortality and disability into a shorter 
period. Thus, the onset both of major 
fatal diseases (heart disease, cancer, 


stroke and Alzheimer's disease) and of 
age-associated debilitating diseases (de¬ 
generative joint disease, sensory impair¬ 
ments and benign memory loss) would 
be postponed. Consistent with Fries's 
hypothesis, robust centenarians often 
have a relatively short period of infirm¬ 
ity before death. .Although cause-of- 
death statistics for centenarians are 
sparse, available information suggests 
that the usual causes are acute illnesses 
such as pneumonia, as opposed to long¬ 
standing lethal conditions. In some 
ways, then, the oldest old resemble 
Fries's image of the future; perhaps they 
represent the rare individuals who can 
already resist disease on their own, 
without the help of advanced medical 
science. 

Madame Jeanne Calment of Arles, 
France, will turn 120 in February 7 , mak¬ 
ing her very likely the oldest living per¬ 
son today whose age has been verified. 


Some speculate that she may he the old¬ 
est living person ever. Most of us do not 
even come close to this age—those of 
us with Methuselean aspirations are up 
against incredible odds. But recent re¬ 
search on the oldest old has prompted 
new thinking about the biology 7 of ag¬ 
ing. Genetic, biochemical and epidemi¬ 
ological studies should reveal exactly 
why some people possess resistance to 
debilitating conditions—and may offer 
ways to increase that ability in a broad¬ 
er swath of the population. Further, the 
research implies, happily, that as the 
oldest old become more numerous, they 
may not become a massive drain on the 
economy. Counter to prevalent theories 
of aging, many people in their late nine¬ 
ties or hundreds lead active, healthy 
lives. If they represent a “survival of the 
fittest’' cohort, the time may have come 
to abandon our past perceptions of our 
oldest citizens. 
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The Birth and Death 
of Nova VI974 Cygni 

The brightest nova in 17 years 
answered many questions during its life 
and raised more in death 


by Sumner Starrfield and Steven N. Shore 


TW T ever has a nova been watched by 
V so many astronomers with so 
X If many instruments. Since it ex- 
ploded in early 1992, nova V1974 Cyg¬ 
ni has been recorded in x-rays through 
radio waves and from the ground, the 
air, earth orbit and beyond. In its first 
year the eruption spewed out glowing 
gases that evolved just as models had 
predicted 20 years earlier. fn its second 
year the nova, quite unexpectedly, died. 
We are still trying to understand the 
short life of VI974 Cygni, 

Peter Collins, an amateur astronomer 
in Boulder, Colo., first spotted the ex¬ 
plosion in the early morning of Febru¬ 
ary 19, 1992, Within hours of his re¬ 
port, we looked at the nova with the In¬ 
ternational Ultraviolet Explorer [IUE) 
satellite. We caught it in the “fireball" 
stage—familiar from photographs of 
hydrogen bomb explosions, when the 
gases are first expanding. Before long, it 
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became the only nova to be seen both 
in birth and in death. In late 1993 the 
low-energy x-rays coming from the 
nova’s core ceased, indicating that the 
nuclear explosion had run out of fuel. 

VI974 Cygni confirmed many of our 
ideas about novae—such as how the 
ejected gases evolve—but also destroyed 
many. It threw off about 10 times more 
matter than had been anticipated, part 
of it in the form of dense knots and fil¬ 
aments. The knots may hold the key to 
the cause of the excess mass. They point 
to turbulent processes that may have 
dredged up material from the nova’s 
core. Although we have been forced to 
rethink many details of how novae 
evolve, the most essential elements of 
the original picture remain intact. 

In 1892 the nova T Aurigae became 
ihe first to be recognized as an explo¬ 
sion, from the peculiarities in its spec¬ 
trum as compared with normal stars. 
Since then, scientists have found and 
studied one or two novae each year, A 
"naked eye" nova, such as VI974 Cyg¬ 
ni, bright enough to be easily visible to 
the unaided eye, appears perhaps once 
in a decade. 

About 40 years ago a picture of how 
novae occur began to fall into place. In 
1954 Merle F. Walker, then at the Mount 
Wilson and Palomar Observatories, dis¬ 
covered thaL the old nova DQ Herculis 
{which exploded in 1934) is a system of 
two orbiting stars. One of the stars in 
the binary' system conveniently passes 
in front of the other, allowing astron¬ 
omers to measure the time die two stars 
take to orbit each other. The period 
turns out to be extraordinarily short- 
four hours and 39 minutes. One star is 
also very small; we now know it to be a 
white dwarf. 

White dwarfs, the end product of stel¬ 
lar evolution, have as much matter as 
the sun within a volume no larger than 
the earth’s, Robert P, Kraft, also then at 


the Mount Wilson and Palomar Obser¬ 
vatories, showed that other old novae 
are closely orbiting binary 7 systems. In 
all these novae, one star was relative¬ 
ly large and unevolved, and the other 
was a white dwarf. But how can a white 
dwarf that has no remaining nuclear 
fuel, along with a stable companion star, 
give rise to an explosion 10,000 times 
brighter than the sun? It turns out that 
each star inexorably alters the other’s 
development. 

Calamitous Company 

A nova system begins as a widely 
. separated binary 7 , in which one 
star is more massive than the other. 
The massive star evolves faster, fusing 
its hydrogen into helium through the 
"CNO" cycle of nuclear reactions, which 
involves carbon, nitrogen and oxygen. 
At the end of this stage the star be¬ 
comes a red giant. Its surface swells, 
engulfing the smaller star. Meanwhile 
the more massive star fuses the helium 
in its core to carbon and oxygen. 

The stars continue to orbit each oth¬ 
er within the common gaseous enve¬ 
lope, losing orbital energy 1 and angular 
momentum to the gas. As a result, gas 
is expelled from the system, and the 
two stars spiral in toward each other. 
Eventually all the material extending 
from the massive star past the smaller 
star is lost. At the end of this "common 
envelope" evolution, the distantly or¬ 
biting stars have become a dose binary 
system. The massive star, having used 
up all its fuel, has transformed into a 
compact white dwarf. Its companion 
has remained relatively unchanged. 

Suppose the stars are initially even 
more widely separated, and the more 
massive star began its life with about 
eight to 12 solar masses. Then the lat¬ 
ter star can further fuse its core carbon 
into magnesium and neon. The white 
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EXPLODING SURFACE of a white dwarf swirls around its com¬ 
panion star in a fireball. Deep within the entitled gases are 
dumps of dense material {pink), probably from the white 


dwarf's interior. Radiation from residual nuclear reactions on 
the white dwarf (center) continue to heat these clumps until 
the nova bums out. The ejected gases glow for years. 


dwarf it eventually becomes is made of 
these heavier elements, rather than just 
carbon and oxygen (a CO nova), and is 
called an GNeMg white dwarf. 

Kraft also made the crucial discovery 
that the companion star is losing gas. 
After swirling around in an accretion 
disk, the hydrogen-rich gas falls onto 
the surface of the white dwarf. In 1972 
one of us (Starrfield, then at the IBM 
Thomas J, Watson Research Center), 
along with Warren M. Sparks, then at 
the National Aeronautics and Space Ad¬ 


ministration Goddard Space Flight Cen¬ 
ter, James W. Truran, then at Yeshiva 
University, and G. Siegfried Kutter, then 
at the University of Virginia, developed 
computer simulations that showed how 
the accreted gas triggers the subsequent 
explosion. 

The intense gravity on the white dw r arf 
compresses the gas as it falls in. If an 
amount of gas 100 times more massive 
than the earth accumulates on the white 
dwarfs surface, then the density in the 
bottom layer becomes mote than 10,000 


grams per cubic centimeter. (The den¬ 
sity of water is one gram per cubic cen¬ 
timeter.) Because the gas is compressed, 
its temperature rises to a few million 
kelvins. The process of accumulation 
also mixes material from the core of 
the white dwarf into the overlying and 
infalling layers, thereby changing their 
composition. 

Under these conditions, the hydro¬ 
gen nuclei fuse into helium and release 
energy, by the same CNO nuclear reac¬ 
tions that power normal stars. The ma- 
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tcrial becomes even hotter, so that the 
fusion proceeds faster, creating run¬ 
away thermonuclear reactions like those 
in a hydrogen bomh. 

If the gas were normal, then it would 
now expand and cool, thereby shutting 
off the fusion. But the material on a 
white dwarf behaves in a peculiar man¬ 
ner described by quantum mechanics. 
It is packed together so tightly that the 
electrons, which are unable to interpen¬ 
etrate, become the source of pressure. 
Unlike an ordinary gas f the material 
heats up but cannot expand and cool. 
Nor can radiation carry away the heat 
fast enough. 

The carbon and oxygen mixed in 
from the core catalyze the CNO cycle 
and thus speed up the fusion—eventu¬ 
ally causing an explosion. The rate of 
the nuclear reactions depends very sen¬ 
sitively on the temperature, becoming 
10 16 to 10 1S times faster when the tem¬ 
perature increases by a factor of 10. As 
the temperature deep within the accret¬ 
ed layers grows to more than 30 mil¬ 
lion kelvins, the material starts mixing 
turbulently with the zones above. The 
mixed region grows toward the surface, 
carrying with it both heat and nuclei 
from the interior. Within minutes the 
surface layers explode into space. They 
carry along wilh them fusion products 
and elements from the dwarfs core, 
accompanied by a tremendous increase 
in brightness. 


Burning Out 

r P he first few minutes of a nova ex- 
jl plosion have never been observed. 
Our simulations predict that the sur¬ 
face temperature can exceed one mil¬ 
lion kelvins and that the hot gases are 
blown away at more than 5,000 kilo¬ 
meters per second. Because its volume 



DIVERSE INSTRUMENTS were used to study electromagnetic radiation of different 
wavelengths emitted by V1974 Cygni. The Compton Gamma Ray Observatory 
searched for photons emitted by the sodium isotope 22 Na (and found none). The 
JiOSAT satellite detected x-rays coming from the burning core; the cessation of 


increases suddenly, the gas cools. In a 
few hours the radiation it emits shifts 
from being primarily in x-rays to the 
lower-energy ultraviolet. At the same 
time, the surface area of the gas increas¬ 
es, making the nova brighter even as it 
becomes cooler. A spectacular trans¬ 
formation ensues. 

Initially, the expanding shell consists 
of a hot, dense gas of electrons and 
ions—atoms missing one or more elec¬ 
trons. This gas is reasonably transpar¬ 
ent. But as it expands, its temperature 
drops below 10,000 kelvins. The elec¬ 
trons start to recombine with the ions 
to form atoms that are missing either 
one or no electrons. These atoms have 
many energy levels and can absorb tens 
of millions of individual wavelengths 
of light. 

The most important absorbers have 
atomic numbers around 26, that of iron. 
The spectrum of light that they can ab¬ 


sorb is extremely complex. These ions 
and atoms block most of the energy 
being radiated in the ultraviolet, which 
is where most of the energy is emitted 
at this phase. When we first studied this 
phase, with Peter H. Hauschildt of .Ari¬ 
zona State University and other collab¬ 
orators, we called it the iron curtain. The 
energy absorbed by the curtain is re- 
emitted at longer—optical and infra¬ 
red-wavelengths. 

The iron curtain was vividly confirmed 
by our first observations of VI974 Cyg¬ 
ni Within hours of its discovery George 
Sonneborn of the Goddard Space Flight 
Center activated our Target of Oppor¬ 
tunity’ program, which allows us to ob¬ 
serve immediately with the IUE satellite 
when a bright nova occurs. Pointing the 
wonderfully maneuverable satellite at 
the nova, lie obtained a series of ultra¬ 
violet spectra. 

Within an hour we were able to ob- 


NOVA SYSTEM begins as a pair of widely separated orbiting 
stars (a). The more massive star evolves faster, becoming a 
red giant and enveloping the smaller star (fr). The stars lose 
angular momentum to the gas and spiral in toward each oth¬ 
er while the gas is expelled. Eventually they form a close bi¬ 
nary system in which the remaining core of the red giant, 
having used up all its fuel, has become a white dwarf. The 


less massive star now sheds matter, which first forms an ac¬ 
cretion disk (c). Falling onto the while dwarf's surface, this 
material is compressed by the high gravitational field. Then a 
runaway thermonuclear reaction—a nova explosion—takes 
place (rf), stripping most of the accreted material off the white 
dwarf (e). It can, however, accrete fuel from its neighbor 
again, cycling through the steps from c to e many times. 
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(120 TO 320 NANOMETERS) 
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these rays signaled the nova’s demise* Voyager 2 § then be¬ 
yond Neptune, observed far ultraviolet radiation, the first for 
a nova. The International Ultraviolet Explorer captured the 
explosion in its early fireball stage. The Hubble Space Tele - 


scope revealed dumps within the ejected gases. The 72-inch 
telescope at Lowell Observatory in Flagstaff, NJVL, recorded 
optical light, and the Very Large Array in Socorro, N.M., de¬ 
tected radio emissions that confirmed the presence of dumps. 


serve that the nova's ultraviolet bright¬ 
ness had dropped slightly [see bottom 
illustration on next page] and that its 
optical brightness had risen. Astronom¬ 
ical change is measured, as a rule, in 
billions of years; it is rare to see evolu¬ 
tion on such a short timescale. During 
the next two days, the ultraviolet radia¬ 
tion dropped to 3 percent of its origi¬ 
nal value. All the while the nova became 
optically brighter. As soon as the visual 
brightness peaked, the ultraviolet emis¬ 
sions bottomed out and began to climb. 
The recovery comes from a second 
change in ionization. As the gas ex¬ 
pands, its density drops. Then the iron 
group elements once again become ion¬ 
ized and hence transparent. Radiation 
now flows from the interior, enhandng 
the ionization and in turn the transpar¬ 
ency. In effect, the iron 
curtain lifts, and 
ultraviolet light 
from the hot, 
deep lay¬ 


ers penetrates through the outer lay¬ 
ers, Within two months the ultraviolet 
brightness had climbed back up to its 
original value. 

At the same time as the ultraviolet 
brightness increased, the visual bright¬ 
ness of the nova declined. The total 
(bolometric) brightness of the underly¬ 
ing star remained, however, virtually un¬ 
changed. This “constant bolometric lu¬ 
minosity” phase, predicted by our 1972 
simulations, was finally confirmed in 
detail by observations of VI974 Cygni. 

.Anticipating that the radiation peak 
would continue to move toward short¬ 
er wavelengths, Ronald S. Polidan of the 
Goddard Space Flight Center requested 
that Voyager 2, then flying beyond the 
orbit of Neptune, observe the spectra 
of VI974 Cygni. On April 27,1992, the 
spacecraft detected the 
nova—the first to be 
seen in the far 
ultraviolet. 
Its bright¬ 


ness in this wavelength range increased 
during the observations. 

The radiation peak continued to shift 
into shorter wavelengths. Using the 
ROSAT satellite, Joachim Krautter of 
Heidelberg Observatory, HakJd Ogelman 
of the University of Wisconsin and Starr- 
field started observing the nova on April 
22, 1992. The x-ray spectrum was very 
faint but included very high energy pho¬ 
tons. (We do not as yet know where the 
highest-energy photons come from.) 
Over the next year the x-ray brightness 
of V1974 Cygni steadily increased, main¬ 
ly at low energies. 

It seemed that a new source of x-rays 
had appeared, and it was steadily 
brightening. We realized that we were 
seeing through the thinning shell of 
ejected gas to the hot underlying white 
dwarf. Within three months the nova 
had become the brightest source of low- 
energy x-rays in the sky’. 

Such x-ray sources (called SSS, for 
supersoft sources) probably stay on for 
decades. To our surprise, the nova ra¬ 
pidly began to fade during the summer 
of 1993 and by December had become 
undetectable with ROSAT 

Fortunately, we were able to keep ob- 




















serving with the RJE. We found that the 
amount of highly ionized nitrogen was 
declining, which meant that the ions 
were recombining with electrons to form 
Less ionized atoms. Furthermore, nitro¬ 
gen ions that were missing four elec¬ 
trons were recombining faster than 
were the ions missing three electrons. 
Apparently the intense radiation that 
had been stripping the nitrogen of its 
electrons had vanished: the x-rays were 
indeed gone. To us, this absence could 
mean only that the white dwarf had 
consumed all its fuel and that the nu¬ 
clear fusion on its surface had ceased. 

The nova outburst had lasted about 
18 months. The life span of a nova de¬ 
pends on the mass of the white dwarf 
that hosts it. A massive white dwarf 
compresses the accumulated gases 
more intensely. In that case, fusion 


starts early, and the fuel runs out quick¬ 
ly, causing the nova’s life to be brief. 
Also, the explosion ejects much less 
matter than does one on a low-mass 
white dwarf. According to our models, 
the short life of VI9 74 Cygni implies 
that its mass was 20 to 30 percent 
greater than that of the sun. The mass 
of material it expelled should have been 
about 10 solar mass. But the amount 
shown by observations is about 10 
times more. We do not understand this 
discrepancy. 

Dumpy Clues 

S ome hints to the problem may pos¬ 
sibly be found in die knots. Our first 
dear view of the knots was on Septem¬ 
ber 7,1992, when we observed the nova 
with the Goddard High Resolution Spec¬ 



NUCLEAR REAC TIONS make the temperature (left) on the surface of a white dwarf 
rise to almost 400 million kelvins within a minute. As the gases blow out in a nova 
explosion, their temperature plummets. The x-ray emissions (right) observed by 
ROSAT came from the rema inin g core of the white dwarf. The emissions died off 
faster than expected, indicating that the white dwarf had used up all its fuel. 
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IRON CURTAIN falls when expanding gases from a nova cool to form atoms and 
ions of atomic numbers near that of iron (26). These ions absorb all the ultraviolet 
light emitted by the nova. The first spectrum ( putjtle) taken by the International 
Ultraviolet Explorer shows strong emissions. Within an hour (Mud the ultraviolet 
radiation had fallen, and by the next day (green) it was almost gone. 


trograph (GHRS) on the Hubble Space 
Telescope , With this powerful instru¬ 
ment we obtained the highest-quality 
ultraviolet spectra ever for a nova. Each 
emission Line showed evidence that the 
gas had been expelled in two stages. 
There was high-velocity gas that had 
been ejected uniformly and denser, 
slower-moving dumps. 

Armed wish the high-quality GHRS 
spectra, we reexamined the earlier data 
from the fUE, The spectra we had got¬ 
ten just after the iron curtain cleared 
also displayed the knots. This evidence 
indicates that the structures had been 
formed during the explosion. Looking 
again with the GHRS on April 1,1993, 
we found the same dumps we had 
identified earlier, moving at the same 
speeds. The faster material had largdy 
vanished, so we were now seeing com¬ 
pletely through the ejected gas. 

The spatial structure of the shell was 
resolved in December 1992 with the 
Very Large Array radio telescope by 
Robert M. Hj el lming of the National Ra¬ 
dio Astronomy Observatory. His radio 
images of the expanding material con¬ 
firmed our analysis of the knots. Ac¬ 
cording to images taken with the Hub¬ 
ble Space Telescope, the shell was re¬ 
solved in the ultraviolet by May 1993. 

This is the first time we have ever 
had such a clear view so early of the de¬ 
bris from a nova explosion. The knots 
appear to be deeply embedded within 
the ejecta. Now we need to understand 
what caused them and what they are 
made of. 

The first indications of the composi¬ 
tion of the ejecta came around April 1, 
1992, when the iron curtain had finally 
lifted, leaving an intense spectrum with 
bright emission lines from carbon, ni¬ 
trogen, oxygen and other abundant ele¬ 
ments. Previously, we had encountered 
emission lines of this kind only in no¬ 
vae that took place on massive ONeMg 
w r hite dwarfs. We conjectured that 
VI974 Cygni, too, belonged to this class. 
The idea also occurred to Thomas L. 
Hayward of Cornell University and Rob¬ 
ert D. Gehrz of the University of Minne¬ 
sota and their collaborators, who had 
just obtained infrared spectra of the 
nova using the five-meter telescope on 
Mount Palomar. They found the char¬ 
acteristic 12-micron line emitted by ion¬ 
ized neon. This line is normally very 
weak or absent in CO novae but is 
strong in ONeMg novae. 

In the fall of 1993 the gases thinned 
enough so that Scott Austin of Arizona 
State University, R. Mark Wagner of 
Ohio State University and the two of us 
could finally use the optical and ultra¬ 
violet spectra to determine the chemi¬ 
cal abundances of the debris. (While the 
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FIREBALL billows out a fraction of a second after an atomic 
bomb explosion at a Nevada test site. Its structure is very 
similar to the fireball from a nova. This photograph from the 


1950s was taken by automatic instruments situated 20 miles 
away. In the foreground are Joshua trees, about to be incin¬ 
erated. The intense heat melted desert sand into glass. 


gas was dense, the atoms collided with 
one another, thus complicating the spec¬ 
tra greatly.) We found large quantities 
of elements from the core. In a paper 
we are preparing for the Astrophysical 
Journal, we report that the expelled 
material has more than 30 times more 
oxygen, neon, nitrogen and aluminum 
than solar material. This composition 
is similar to that of other GNeMg novae. 
It suggests that the shell and the core 
are churned together by turbulent pro¬ 
cesses not included in our current mod¬ 
els, perhaps creating the knots and 
eventually expelling large fragments of 
the core. 

Riddles Remain 

A nother, related mystery pertains to 
Lthe elements synthesized during 
the explosion, Achim Weiss of the Max 
Planck Institute for Astrophysics in 
Garching, Irit Idan and Giora Shaviv of 
the Technion University hi Israel, Tru- 
ran and Starrfield have calculated that 
22 Na, an isotope of sodium with mass 
number 22, should be produced in an 
ONeMg nova. This isotope is radioac¬ 


tive, with a distinct pattern of gamma- 
ray emissions. 

Our calculations indicate that VI974 
Cygni produced large amounts of 22 Na. 
With the Compton Gamma Ray Obser¬ 
vatory , we searched for the appropriate 
gamma rays in September 1993—but 
found none. (To be sure, our observing 
time was drastically cut by the Target 
of Opportunity program being invoked 
for other celestial events.) 

All these anomalies tell us that al¬ 
though we have come a long way in un¬ 
derstanding nova explosions, we still 
have much to learn. We understand the 
thermonuclear reactions that produced 
the explosion. What is not so clear is 
the dynamics. Do the shell and the core 
mix while material is being accreted or 
during the last stages of the explosion? 

Another mystery is the long-term ef¬ 
fect of repeated nova outbursts on the 
evolution of the white dwarf. All nova 
binary systems go through the cycle of 
accretion and explosion many times. If 
parts of the core are shed during each 
outburst, then the mass of the white 
dwarf must be decreasing with repeated 
explosions. Does its mass become ulti¬ 


mately very small, or does something 
happen to stop any further outbursts? 

Because of the brightness and slow 
evolution of its debris, we will be ob¬ 
serving nova VI9 74 Cygni well into tire 
21 st century. We hope the nova will 
supply some answers to the questions 
it has raised. 
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Egils Bones 

An Icelandic saga tells of a Viking who had unusual, menacing 
features, including a skull that could resist blows from an ax. 
He probably suffered from an ailment called Paget's disease 


by Jesse L, Byock 







SAGA PAGE from the Icelandic: manuscript 
The Book of Moftruvellir contains the passage 
describing SkapiFs unearthing of EgiTs bones. 
In the 12th line, one can easily make out: E>ar 
var pd t Skapti prestr, meaning “Skapti the 
priest was there at the time,” 


E gil, the son of Skalla-Grim, is 
the most memorable Viking to 
appear in the Old Norse sagas. 
Born in lee land in the early 10th 
century, he participated in Viking 
raids and adventures throughout 
Norway, Sweden, Denmark, the east 
Baltic lands, England, Saxony and 
northern Germany, Fierce, self-willed 
and violent, Egil SkalJa-Grimsson was 
also a fine poet and a man with a 
sense of ethics. He epitomizes the 
Viking urge to travel into the tin- 
known world seeking action and 
fortune. From Athelstan, king of the 
Anglo-Saxons, he receives valuable 
gifts and pledges of friendship, but a 
from Erik Blood-.Axe, the Viking ruler g 
of Norway, he hears death threats, gj 
Combining courage and brawn with g 
high intelligence, Egil survives war | 
and treachery to live to an old age | 
of 80. He dies among his kinsmen in § 
Iceland in about 990, apparently § 
from natural causes stemming from s 
longevity. 

For all Egil's heroic stature, howev¬ 
er, Lhere is something deeply trou¬ 
bling about his character. Despite his 
prowess and secure social status, his 
temperament, as well as Ms physical 
appearance, causes alarm. He is por¬ 
trayed as an ugly, irritable, brooding 
individual. In this respect, Egil resem¬ 
bles Ms father and his grandfather, men 
described as physically menacing. The 
saga dearly distinguishes them as phys¬ 
iologically different from their kinsmen, 
who are depicted as fair and handsome. 

What set Egil apart was more Lhan 
simply a small, personal peculiarity, 
through prose and verse, the saga teds 
us that Egil became deaf, often lost Ms 
balance, went blind, suffered from 
chronically cold feet, endured head¬ 
aches and experienced bouts of lethar¬ 
gy. Furthermore, the saga describes un¬ 
usual disfigurements of Ms skull and 
facial features. These symptoms sug¬ 
gest that EgiJ may have suffered from a 
syndrome that results from a quicken¬ 
ing of normal bone replacement. The 
disease, first diagnosed by Sir James Pa¬ 
get in 1877, runs in families and is un¬ 
cannily similar to Egil’s affliction. 

Is it really important to determine 
whether Egil suffered from Paget’s dis¬ 
ease? I pondered tMs question at the 
beginning of my research and consid¬ 
ered it again when I realized that the 
erngma of Egil lies at a nexus of medical 
science, history, archaeology and liter¬ 


ary' analysis. The answer is yes: such a 
determination does matter. An under¬ 
standing of Egil’s affliction is a critical 
step in assembling the evidence needed 
to evaluate the Mstorical accuracy' of the 
Icelandic sagas. Do sagas provide accu¬ 
rate information about a Viking period 
250 years before they were written? Or 
are they merely flights of fancy and 
fabrications by 13th-century authors? 
Historians, literary scholars, archaeolo¬ 
gists and linguists have all had their 
say, but science has scarcely played a 
role in the debate. At times the subject 
has stirred so much passion that one 
scholar promised to maintain Ms view 
until forced by death to lay down Ms 
pen. The argument would change dras¬ 
tically if a new source of information 
could be found. 

For me, that new source lies unexpect¬ 
edly in the field of modern medicine. 
Rather than attributing conflicting as¬ 
pects of Egil's personality to artistic hy¬ 
perbole, I believe the descriptions stem 
from the progress of Paget’s disease. In 
breaking tradition to arrive at these 
conclusions, I frequently have recourse 
to another science—philology', the his¬ 


torical and comparative study of 
language and its relation to culture. 

Family Stories 

T he Icelandic sagas constitute one 
of the largest collections of ex¬ 
tant vernacular narratives from me¬ 
dieval times. In 31 major sagas and 
scores of shorter narratives, these 
texts recount the travels of the first 
generations of Norse settlers in Ice¬ 
land, the major Viking outpost in 
Lhe North Atlantic, Written in prose 
and studded with verse, the family 
sagas are set in the period from 870 
to 1030. Unlike myths and fantastic 
tales, which the Icelanders also pro¬ 
duced, the sagas are sober in style. 
With an often stark realism they de¬ 
tail everyday agrarian and political 
life and describe adventurous Viking 
voyages, including those to Green¬ 
land and Finland. The crucial ques¬ 
tion that has remained is whether 
the sagas are the product of a long 
oral tradition or the invention of au¬ 
thors after Iceland became literate 
in the 13 th century. 

According to Egil's Saga, Egil 
spent his final years with Ms adopt¬ 
ed daughter, Thordis, at the farm of 
Mosfell, in southwestern Iceland, not 
far from the present-day capital of 
Reykjavik. Initially he w r as buried there 
in a pagan grave mound. But 10 years 
later, when Iceland converted to Chris¬ 
tianity' in 1000, Thordis and her hus¬ 
band, Grim, moved Egil’s remains to be 
interred at a small church built on their 
farm. About 150 years later a second 
church was built about 500 meters from 
the first. Skapti, one of Egil’s prominent 
descendants, exhumed Egil's bones to 
move them to the new churchyard. The 
final pages of EgiVs Saga relate a curi¬ 
ous tale about Skapti 1 s findings: 

Under the altar some human bones 
were found, much bigger than ordi¬ 
nary' human bones,... Skapti Tho- 
rarinsson, a priest and man of great 
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FACIAL BONE that is grossly thickened and symmetrically deformed may result 
from Paget’s disease, a condition in which bone grows drastically out of control. 
The skull of the warrior Egil, a hero of the Icelandic sagas, may have looked simi¬ 
lar to this one of a man who suffered from the disease several centuries ago. 


Scientific American January 1995 63 






THICKENED PAGETLC SKULL, shown in cross section, does not intrude into the cra¬ 
nial cavity, so that a patient's intellect remains unimpaired. 


intelligence, was there at the time. 
He picked up Egil's skull and placed 
it on the fence of the churchyard. 
The skull was exceptionally large, 
and its weight was even more re¬ 
markable. It was ridged all over on 
the outside like a scallop shell. Skap- 
ti wanted to find out just how thick 
the skull was, so he picked up a 
heavy ax, swung it in one hand and 
struck as hard as he w 7 as able with 


the hammer side of the ax, trying to 
break the skull. But the skull neither 
broke nor dented when hit; it sim¬ 
ply turned white at the point of im¬ 
pact, and from that result anybody 
could guess that it could not have 
been easily cracked by small fry 
while still covered by skin and flesh. 

This passage has often been used to 
exemplify the untrustworthiness of the 


sagas. No matter how realistic the de¬ 
scription may seem to be, everyone, so 
the argument goes, knows that a ISO- 
year-old skull could not possibly have 
withstood the blow of Skaptfs ax. 

Modem medical knowledge, however, 
suggests that we cannot treat this epi¬ 
sode as a purely literary derice intend¬ 
ed to magnify heroic Viking qualities. 
Egil’s Saga precisely describes the skull 
as "ridged all over on the outside like a 
scallop shell." The precision is striking 
because the passage marks the only in¬ 
stance in all Old Norse literature that 
the otherwise well-known w f ords hor- 
puskel (scallop shell) and barottr (ridged, 
undulated, waved, corrugated, wrinkled) 
are used to describe human characteris¬ 
tics. A “scalloped” bone surface, unique 
in descriptions of Viking heroes, closely 
matches medical portrayals of Paget's 
disease. Diagnoses repeatedly list irreg¬ 
ularities of the outer skull surface, de¬ 
scribing its appearance as corrugated 
and wavy. Such a feature appears in 
about one in 15 symptomatic cases. 

Physicians have also noted the excep¬ 
tionally resilient, ivorylike hardness of 
the afflicted bones. Even the whitening 
of Egil's skull where Skaptfs ax struck 
is a clear indication of Paget's disease. 
When subjected to a blow, the soft, pum- 
icelike outer material of the enlarged 
Fagetic skull gives way to a white, hard¬ 
ened, highly resilient core. 

A Helm’s-Rock of a Head 

I n the saga, Egil himself refers to his 
head in strange ways. In one poem, 
written in response to a pardon grant¬ 
ed him by his sworn enemy, King Erik 
Blood-Axe, Egil composed this verse: 

/ am not opposed, 

Though I may be ugly ; 

To accepting my helm r s-roek 
of a head, 

From a ruler. 

Paget's disease may have been re¬ 
sponsible for Egil's memorable facial 
appearance, a subject that over the 
years has engendered a great deal of 
creative literary 7 interpretation. The saga 
offers a detailed description of Egil as 
he sits at a feast in England after battle. 
He faces King Athelstan, the ruler who 
he believes owes him compensation for 
the death of his brother, Thorolf. 

Egil sat upright, but his head hung 
forward. Egil w^as marked by promi¬ 
nent features. He had a broad fore¬ 
head and large eyebrows, a nose that 
was not long but enormously thick, 
and lips that, seen through his beard, 
were both wide and long. He had a 



WHITENING OF PAGET1C BONE* caused by impact, is apparent in this centuries- 
old, fossilized parietal bone unearthed in the mid-1700s. A similar whitening oc¬ 
curred when EgiTs skull was struck with the hammer side of an ax. 
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remarkably broad chin, and this 
largeness continued throughout the 
jawbone. He was thick-necked and 
broad-shouldered and, more so than 
other men, hard-looking and fierce 
when angry. Well built and taller 
than others, he had thick wolf-gray 
hair but was early bald. While he sat 
as was written above, he jerked one 
eyebrow down to his chin and lifted 
the other one up into his hairline; 
Egil was black-eyed with eyebrows 
joined. He refused to drink, although 
drink was brought to him, but alter¬ 
nately he jerked his eyebrows up 
and down. 

King At heist an does not overlook 
EgU's threatening stance. Acting to de¬ 
fuse the Viking's anger, Athelstan offers 
Egil a liberal payment in compensation 
for his brother's death and thus wins 
his loyalty. 

Although literary license may be as¬ 
sumed, it is curious and highly unusual 
for the physical features of a saga pro¬ 
tagonist to be portrayed in so grotesque 
a manner, unless the writer was report¬ 
ing a w r ell-known story. Distortion and 
hardening of the cranium, changes that 
arc characteristic of Paget's, may lead 
to leontiasis ossea, or cranial hyperos¬ 
tosis. In this condition, the facial bones 
thicken, giving an individual a lionlike 
appearance. This pathology, which may 
occur as early as the first two decades 
of life, closely fits the descriptions of 
Egil. As for the bizarre mobility of the 
eyebrows, it is conceivable that a per¬ 
son as menacing as Egil learned to ex¬ 
ploit his facial distortion and was re¬ 
membered for its outrageous effect. 
Corroborating evidence for a Pagetic 
diagnosis comes from the saga's de¬ 
scription of the problems Egil had in 
his old age. These difficulties—including 
loss of balance, hearing and sight, chill 
in die extremities, headaches and the 
phenomenon described as a hanging, 
swaying head—are all major symptoms 
of advanced Paget’s disease. According 
to the saga, the elderly Egil, after mov¬ 
ing in with his son-in-law^, Grim, at Mos- 
fell, was walking outside one day when 
he stumbled and fell. Some of the wom¬ 
en who saw this laughed : 

“You're really finished, now, Egil,” 
they said, “when you fall without be¬ 
ing pushed.” 

“The w^omen didn't laugh so much 
when w ? e were younger," said Grim. 
Egil made this verse: 

The horse of the necklace sways, 

My bald head bangs when l fall; 

My piece's soft and clammy 
And l can't hear when they call . 



TENTH-CENTURY SKELETON of an An¬ 
glo-Saxon male shows the ravages of 
extensive Paget's disease, such as the 
curved spine and the thickened and de¬ 
formed long bones of the limbs. 


Why would people remember this 
poem about a head that “sways” and 
other physical difficulties? One reason 
is that the utterance is a powerful exam¬ 
ple of Old Norse verse, encasing per¬ 
sonal emotion in a complex and color¬ 
ful word puzzle. In Viking times, verse 
w r as viewed as the gift of Odin, and po¬ 
etic skill was highly respected. Here the 
lines reflect the aged warrior's still agile 


ability to turn physical disorders into 
memorable imagery . 

Old Norse poetry was a game of puz¬ 
zles, which, once the rules are under¬ 
stood, supplies us with critical infor¬ 
mation. The first line carries the under¬ 
standing: “I have swayings of the neck." 
In building this image, the author fash¬ 
ioned a Norse poetic circumlocution 
called a kenning. Kennings are stylisti¬ 
cally similar to certain English meta¬ 
phors, such as calling a camel a ship of 
the desert. The saga’s kenning, helsis 
valr (the horse of the necklace), means 
the neck. The word “swayings” is built 
on the verb vdfa, “to sway or dangle 
while hanging.” Thus, the line in the 
verse refers to a neck bent under the 
weight of a head that wobbles. 

A drooping, swaying head is not a 
standard feature of old age; so, too, the 
graphic description “swayings of the 
neck” is by no means a common usage 
in Old Icelandic poetry; I conducted a 
computer search and found no other 
occurrences of this combination, so the 
poet is clearly describing a condition 
that is unusual and highly personal. 

The saga further narrates that Egil 
becomes blind and is humiliated in his 
old age by his lethargy and his craving 
for warmth—all symptoms of Paget’s: 

Egil became totally blind. One day 
in winter when the weather w ? as 
cold, he went up to the fire to warm 
himself.... “On your feet!” said the 
woman. “Get back to your place and 
let us do our work.” Egil stood up, 
walked over to his seat, and made 
this verse: 

/ flounder blind by the fireside, 

Ask females for mercy, 

Bitter the battle 
On my brow-plains. 

In this verse the Icelandic words for 
“brow-plains" (hvarma hnitvelhr) mean 
the part of Lhe face where the eyes meet 
or are located. The passage is thus un¬ 
clear as to whether the words refer to 
the eyes themselves or to the area of 
the eyes, including the part behind and 
around the eye sockets. If the former, 
the words again mean Egil’s blindness. 
If the latter, the phrase expresses the 
notion that “I bear pain where the eyes 
meet," suggesting that Egil has head¬ 
aches. Possibly, both interpretations 
were intended. 

Egil's headaches and chills are con¬ 
sistent with his other symptoms. Vic¬ 
tims of Paget's disease sometimes have 
headaches caused by the pressure of 
enlarged vertebrae on the spinal cord. 
They also show a high incidence of ar¬ 
teriosclerosis and heart damage. Atten- 
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dant circulatory problems, particularly 
coldness in hands and feet, develop as 
the heart is overtaxed and blood is di¬ 
verted from the extremities in order to 
support the rapid bone remodeling. 

Cold Feet, Cold Women 

A nother of Egil's laments supplies 
l \further information about his chills 
and cold feet—and of his ability to cre¬ 
ate clever wordplays. 

Two feet 1 have , 

Cold widows. 

These frigid crones 
Need a flame. 


In Icelandic, the words are 

Eigum ekkjur 
allhaldar tvcer, 
en fleer konur 
flurfa blossa. 

Here the poet is skillfully playing on 
an understood double entendre. In un¬ 
raveling the puzzle, the Norse audience 
would know that the key to the stanza 
is to find another unmentioned word, 
one that would provide a bridge of 
meaning. That unmentioned word is 
hcell (heel). When substituted for the 
word ekkja t meaning “widow,” it carries 
a double connotation; it also means 


“heel”—that is, “foot.” The members of 
EgiTs audience, who enjoyed the intrica¬ 
cies of skaldic verse, would know to re¬ 
place the w T ords ekkjur (widows) and 
konur (women)—both translated here 
as “crones”—with hcelar, the plural of 
hazll, meaning both "feet 15 and “women.” 

Once the connection with feet is 
made, the rest is easy. Both nouns are 
connected with the adjective allkaldar, 
"thoroughly cold,” Thus, the passage 
carries the meanings of "cold feet” and 
"cold women, 51 both of which sadly af¬ 
flicted Egil in his later years. 

Is there a tradition of Icelandic war¬ 
rior-poets complaining about women? 
Yes. But about their cold feet? Hardly. 


Paget’s Disease 


I n 1854 Sir James Paget became 
surgeon extraordinary to Queen 
Victoria and, a few years later, sun 
geon ordinary to the Prince of Wales. 
Paget’s fame rests on his descrip¬ 
tions of several diseases, the most 
famous of which is osteitis defor- 
mans. According to Paget's classic 
description, this disease of the bones 
"begins in middle age or later, is very 
slow in progress, may continue for 
many years without influence on 
the general health, and may give no 
other trouble than those which are 
due to changes in shape, size, and 

direction of the diseased bones_ 

The limbs, however misshapen, re¬ 
main strong and fit to support the 



Sir James Paget t 1814-1899 


deformans is not especially rare. 
British studies estimate that from 3 
to S percent of all adult males older 
than 40 in the LLK, have Paget’s dis¬ 
ease in some form; the frequency 
may reach 10 percent after age 70. In 
the U.S. as many as three million peo¬ 
ple probably have Paget’s disease. Of 
these, up to 25 percent show dis¬ 
tressing symptoms. Besides its ten¬ 
dency to run in families, the disease 
is known to cluster in specific geo¬ 
graphical areas, mostly in Europe and 
particularly in England and France. 
Even among populations not prone 
to Paget’s, the disease may exist, fre¬ 
quently limited to relatively small ar¬ 
eas, such as the town of Avellino in 


trunk." 

Paget's disease is bone growth gone awry. Normal hu¬ 
man bones continuously renew themselves, rebuilding 
completely about once every eight years. Paget's quickens 
the pace of breakdown and reformation, with the result 
that the layers of new bone are structurally disorganized, 
misshapen and con¬ 
siderably larger than 
the original ones. The 
cause of the condition 
could be an inherited 
weakness of the im¬ 
mune system or a vi¬ 
rus, or both. 

Paget's is an ex¬ 
tremely old disease. 

The first recorded evi¬ 
dence of the ailment 
is a grossly thickened 
Egyptian skull dating 
from about 1000 B.C 
It affects slightly more 
men than women, and 
it usually occurs after 
the age of 40. 

Increasingly, statis¬ 
tics show that osteitis 


Italy, where a duster of cases was 
found within an extended family. 

Pagetic symptoms are frequently misunderstood, and 
even today many cases have been attributed to the effects 
of advancing age. In the example of the Avellino family, the 
affliction was recognized only after an emigrant relative 

had been diagnosed 
in New York City. Accu¬ 
rate diagnosis relies on 
x-rays or blood tests. 
These examinations 
look for increased lev¬ 
els of alkaline phos¬ 
phatase, a product of 
the cells that form 
bone. Urine tests may 
show an increased 
amount of hydroxypro- 
line, another product 
of bone breakdown. 
Treatment includes 
drugs, specifically cal¬ 
citonin and disphos- 
phonates, which slow 
or block the rate of 
bone breakdown and 
formation. 



CORRUGATED HEAD of a 92-year-old man is a symptom of Paget's. 
In the mid-1970s he was a patient of Narendra K. Chakravorty of St. 
Luke’s Hospital in Huddersfield, England. Like Egil, his sight was 
affected, and he was deaf but not menially impaired. 
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SITE OF EGIL'S BONES was the llth-cenuiry church at Hrisbu, The mins sit on a 
small hill, or church knoll. To the right is a smokehouse. The turf-built church 
would probably have been of somewhat similar design, though larger. 


There is, however, a tradition of record¬ 
ing struggles against one’s fate, includ¬ 
ing enfeeblement. In this instance the 
lines preserve the memory of a man’s 
private battle with an exceptionally har¬ 
rowing plight. Despite his condition, Egil 
still had the acuity to compose clever 
poetry. James Paget’s classic formula¬ 
tion puts it this way: “Even when the 
skull is hugely thickened and all its 
bones are exceedingly altered in struc¬ 
ture, the mind remains unaffected.” 

Because Egil’s symptoms provide a 
striking picture of Paget's disease, one 
might ask whether the unearthing of the 
bones in the mid-12tb century might be 
the source for the poetry. Could a 13th- 
century poet, having learned about the 
condition of Egil's bones, have written 
verses about the hardness of Egil's head 
using kennings? The answer is, perhaps 
yes, at least about the bones. Such a 
poet, however, would not have known 
the particulars of Paget’s disease and 
could hardly have expounded on the 
enlarged bones to construct a detailed 
portrait of a man with cold feet, chills, 
headaches, a swaying, hanging head, 
inconsistent bouts of lethargy, and loss 
of balance, hearing and sight. 

The answer is even more persuasive 
when we remember that the medieval 
text simply treats Egil's physical prob¬ 
lems as the ravages of time. It makes 
no connection whatsoever between the 
bones and any kind of disease. In fact, 
the saga draws the opposite conclusion. 
Awed by the size and the resiliency of 
the skull, it points out how useful such 
a tough head would be for a warrior. 
The crucial factor is that the poetry, 
which may be the oldest element in the 
saga, independently corroborates the 
specifics about the bone by giving 
different details. 

Could another disease have caused 
Egil's problems? 1 considered conditions 
that produce similar symptoms, such as 
osteitis fibrosa, acromegaly (gigantism), 
hyperostosis frontalis interna, fibrous 
dysplasia, and osteopetrosis. In each 
instance, however, critical symptoms 
do not match. By using all the sources 
available today, we can diagnose Egil as 
a probable victim of Paget's disease. 

Paget's in Scandinavia 

I was led to the question of Paget's dis¬ 
ease by research intended to explain 
passages in a medieval saga, but it is 
now clear to me that the currently ac¬ 
cepted statistics about the disease in 
Iceland, and possibly in all Scandinavia, 
are certainly inaccurate. Most studies 
posit an extremely low incidence, or an 
almost nonexistence, of the condition 
in this region. This situation exists be¬ 


cause little attention has been directed 
to the effective diagnosis of the pathol¬ 
ogy. For example, an extensive 1982 
study to determine the European distri¬ 
bution of Paget's disease used ques¬ 
tionnaire replies by 4,755 radiologists, 
it found the disease more prevalent in 
Britain than in any other western Euro¬ 
pean country. The study excluded Nor¬ 
way, Iceland, Sweden and Finland on 
the assumption that incidences there 
were very low. 

Although uncommon, Paget's disease 
is more prevalent in modern Scandina¬ 
via than these conclusions would sug¬ 
gest. Until recently, the disease was 
thought not to exist in Iceland. During 
the past 10 years, however, Paget’s dis¬ 
ease has slowly but increasingly been 
found in modem Iceland, a fact unpub¬ 
lished except for a 1981 case study re¬ 
ported in a small journal there by Gun- 
nar Sigurdsson of the City Hospital in 
Reykjavik. In July 1991, I interviewed 
Sigurdsson, who informed me he was 
treating 10 patients with Paget’s dis¬ 
ease. His observations about the symp¬ 
toms closely match those of Thordur 
Hardarson of Iceland’s National Univer¬ 
sity Hospital, who was also treating pa¬ 
tients with Paget's disease. 

To the growing evidence of Paget’s in 
Iceland, we can add the high probability 7 
that a saga-age Icelander, and perhaps 
even a medieval family, could have been 
afflicted. Recognizing these individuals 
as victims of Paget’s disease begins to 
fill in the picture of the epidemiological 
history of the disease in early Scandi¬ 
navia, providing examples of Paget’s at 
both ends of a 1,000-year period. 

Egil’s poetry, Skapti’s medieval obser¬ 


vation and modem medical knowledge 
together provide a detailed composite 
of a Pagetic affliction. With this insight, 
we do not have to discount EgiV.s Saga to 
explain the misshapen skull and bones 
unearthed in the 12 th century. On the 
contrary, we can see that the saga may 
well contain accurate information. Al¬ 
though we surely cannot conclude that 
all the sagas are historical truths, Egil’s 
bones strongly suggest that some pas¬ 
sages may reliably detail the past. 

Is there more work to be done? Yes, 
for Egil's bones are possibly still buried 
in the old churchyard at Mosfell. We 
await the opportunity to unearth his re¬ 
mains for the third time in 1,000 years. 
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Trends in Preventive Medicine 


Better Than a Cure 

by Tim Beardsley, staff writer 


W hen cholera started killing 
thousands of Rwandan refu¬ 
gees in camps in Zaire last 
summer, nobody was more frustrated 
than Jerald C. Sadoff of the Walter Reed 
Army Institute of Research in Washing¬ 
ton, D.C As chair of a World Health Or¬ 
ganization (WHO) committee on vac¬ 
cines for diarrheal diseases, Sadoff had 
been trying unsuccessfully for months 
to raise about $200,000 for research 
into vaccines against a newly identified 
strain of cholera. It took pictures of 
sickness and death beamed around the 
world from the camps to focus interna¬ 
tional attention on the disease; relief 
agencies eventually spent $140 million 
in emergency aid to contain the out¬ 
break. “It did seem ironic,” Sadoff recalls. 

The episode highlights some of the 
difficulties faced by vaccine science* The 
benefits of immunization are Invisible, 
yet governments as well as ordinary 
citizens are most easily persuaded to 
reach into their purses for medical re¬ 
search when they see suffering, like¬ 
wise, even though it is in the public in¬ 
terest for people to be well immunized, 
healthy individuals are unwilling to pay 
much for vaccines. Most pharmaceuti¬ 
cal companies therefore avoid making 
them. In consequence, the global effort 
to develop new and more effective vac¬ 
cines is small in comparison with other 
areas of medical research. 

Infectious disease is still the number- 
one cause of death worldwide. Microbes 
of one kind or another kill more than 
13 million every year, mostly infants. 
Acute respiratory infections take the 
biggest toll among the young; in 1992 
they killed about 2.8 million children 
younger than five years. Diarrheal dis¬ 
eases took another 2*2 million, and ma¬ 
laria carried off a million. 

Vaccines offer the best hope for re¬ 
ducing the appalling toll. Immunization 
is, simply* the best medicine. Not even 
antibiotics can touch it in terms of cost- 
effectiveness. According to David Park¬ 
er and Terrel Hill of UNICEF* immuni¬ 
zation against measles, tetanus and tu¬ 
berculosis costs from $2 to $15 per 
"discounted year of healthy life" gained 
(a statistical measure of the value of a 
vaccine). Other common interventions 
cost from $23 to $1,000 for the same 



VACCINA TIONS against measles are administered to Rwandan refugees 
at a camp in Tanzania . Such immunization campaigns assume an espe¬ 
cially high priority in situations where there is crowding and poor sanita¬ 
tion. Vaccines save lives and prevent disease more cost-effectively than 
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The World Health Organization wants industry to step up 
its efforts to develop new vaccines . Can big business 
and a public health bureaucracy see eye to eye? 



any other form of medication. The Technical means for developing new 
vaccines fora variety of fatal illnesses are improving steadily . Money for 
vaccine research remains a limiting factor , however , and often vaccines 
fail to reach those whom they would benefit most , 


benefit. Moreover, vaccination is ex¬ 
tremely safe. Although some serious re¬ 
actions have been linked to the current 
generation of pertussis (whooping 
cough) vaccines, the risk is tiny in com¬ 
parison with the threat posed by con¬ 
tracting the disease itself, which in the 
1980s killed more than 500,000 a year 
worldwide. Pertussis vaccines now in 
clinical trials should be even safer. 

Some public health experts have wor¬ 
ried that the large reductions in death 
rates brought about by immunization 
might in poor countries be offset by 
children dying at greater rates from 
other causes, such as starvation But the 
available data do not support that no¬ 
tion, Parker and Hill say. They even sug¬ 
gest that decreasing death rates from 
disease seem to lead to lower birth 
rates, presumably because women feel 
the need to have fewer children when 
more survive. 

Much could be achieved merely by 
ensuring that today's vaccines reached 
all the people who could benefit from 
them. That step alone would save about 
two million lives every year, WHO calcu¬ 
lates. Even in the U.5., an estimated 500 
children die every year from diseases 
that could have been prevented by vac¬ 
cination. Influenza, hepatitis B and 
pneumococcal pneumonia kill more 
than 500,000 adults annually in the 
U.S.; many of those deaths could have 
been avoided if available vaccines were 
more widely u sed . 

There seems to be no argument 
among the players in the vaccine busi¬ 
ness that even larger gains against mi- 
crobes are achievable with new and im¬ 
proved products. In the past, vaccine 
development was as much an art as a 
science. But scientific advances in recent 
years have pointed to fresh approach¬ 
es, some of which are already proving 
themselves. “From an immunologic per¬ 
spective, the state of knowledge is such 
that the art of vaccination can soon be 
grounded on a rational rather than an 
empirical basis, 11 declares the 1993 edi¬ 
tion of The Jordan Report , a survey of 
vaccine developments published once 
a year by the National Institute of Aller¬ 
gy and Infectious Diseases (niaid). 

At present, only about 20 different 
types of vaccine are in widespread use. 
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IMMUNIZATION RATES vary widely. The map shows the pro¬ 
portion of infants receiving all three doses of diphtheria-per¬ 
tussis-tetanus vaccine. The vaccine is one of five the World 


Health Organization recommends for use globally. Rates for 
poliomyelitis, measles and tuberculosis tend to track those 
shown here; for hepatitis B, coverage is more patchy. 


Yet there is no shortage of leads for 
novel products. A survey conducted by 
the niaid has identified 192 vaccine 
candidates that are ready for early test¬ 
ing in people or animals. New disease 
targets aside, there is plenty of room for 
improvement in existing products. Mea¬ 
sles vaccine, for example, does not work 
in infants younger than nine months, 
so many children die from the illness 
before that age. Typhoid vaccine is un¬ 
reliable. The bacillus Calmette-Guerin 
(BCG) vaccine against tuberculosis is 
only partly effective; as a result, more 
than three million people die of that in¬ 
fection every year, most of them young 
adults. With Lhe spread of multidrug- 
resistant strains, that total seems likely 
to increase. 

Purely practical considerations con- 
nected with delivering vaccine to its re¬ 
cipients are often a major hurdle. Most 
vaccines are sensitive to heat, so a re¬ 
frigerated “cold chain" stretching from 
the manufacturer to the patient has to 
be established. The challenge can be 
daunting in regions where tempera¬ 
tures may reach more than 40 degrees 
Celsius and where The kerosene fuel for 


portable refrigerators is of varying qual¬ 
ity and availability'. The cold chain is one 
reason why in developing countries the 
cost of delivering a vaccine is far great¬ 
er than the cost of the vaccine itself. 

From Bench to Bush 

O ne of the biggest problems with 
current products is simply that 
most have to be given several times to 
be effective. A full course of all the 
WHO-recommended vaccines, for exam¬ 
ple, requires five visits to a provider. In¬ 
evitably, many children do not receive 
all the required doses, especially in re¬ 
mote places. Yet although workers in 
the fieJd agree that reducing the number 
of necessary doses is one of the most 
promising ways to improve protection, 
manufacturers have been slow to de¬ 
velop such vaccines, in the opinion of 
Philip K. Russell, a former head of the 
U.S. Army medical research and devel¬ 
opment command, who is now presi¬ 
dent of the Albert B. Sabin Vaccine 
Foundation. 

Russell is not alone in believing that 
the progress of vaccines from the re¬ 


search laboratory 7 to the field—"from 
bench to bush," in the argot of the busi¬ 
ness—has not been as rapid as it should 
be. Many vaccine researchers feel the 
same way. "There has existed for some 
Lime the belief that even more could be 
accomplished if ways could be found to 
bring greater cohesion" to vaccine de¬ 
velopment, the recently published US. 
National Vaccine Plan states. 

The obstacles are complex. Manufac¬ 
turers have to be convinced that the in¬ 
vestment necessary to develop a new 
product—which may be anywhere from 
$10 million to more than $100 million— 
is likely to produce a good return. Vac¬ 
cines, they say, are much harder than 
the average drug to manufacture. Some 
involve the use of dangerous microor¬ 
ganisms. “You can't imagine the num¬ 
ber of steps it takes to make a new vac¬ 
cine," says R. Gordon Douglas, Jr., pres¬ 
ident of the vaccine division at Merck & 
Co. To make a batch of poliomyelitis 
vaccine takes at least nine months, he 
notes. 

A product is likely to generate hefty 
returns, however, only if it can be sold 
in rich countries or if the market will be 
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extensive. Many potential disease tar¬ 
gets are not economically justifiable, 
"Take Crimean hemorrhagic disease— 
who’s going to develop a vaccine for 
that?” Douglas asks rhetorically. Many 
international development agencies, in¬ 
cluding the U,S, Agency for Internation¬ 
al Development, have been hesitant to 
gel involved in early-stage vaccine re¬ 
search, Russell observes. Most agencies 
have seen their primary role as deliver¬ 
ing existing vaccines to the needy. “One 
of the sad problems is that implement- 
ers and researchers and manufacturers 
hardly ever got together, and when they 
did they didn’t talk the same language,” 
remarks John R. La Montague, head of 
vaccine research at the ntaid. 

Vaccine Czar 

T he task of breaking that logjam has 
fallen to Jong Wook Lee, a soft-spo¬ 
ken former vaccine researcher from 
South Korea, who is director of the new 
WHO Global Program for Vaccines and 
Immunization. The program, which is 
run out of a cramped annex behind 
WHO headquarters in Geneva, brings 
the organization’s vaccine research and 
delivery operations together for the first 
time. It will, Lee predicts, wield enough 
influence over manufacturers to per¬ 
suade them to cooperate. “We are fling¬ 
ing open the door to industry'," he 
announces. 

Even if Lee’s program meets only 
some of its targets for the remainder of 
the decade, the effort could save mil¬ 
lions of lives. "Never in the field of hu¬ 
man medicine will so much be owed by 
so many to so few,” he beams in a rare 
immodest moment. 

If Lee’s ambitions seem unrealistic, it 
is worth remembering that WHO, in col¬ 
laboration with UNICEF, has a success¬ 
ful history when it comes to getting vac¬ 
cines to where they are needed. The or¬ 
ganizations eradicated smallpox in 1977 
and boosted global immunization lev¬ 
els for six major killing diseases from 5 
percent in 1974 to more than 80 percent 
in 1990. Lee's program estimates that 
vaccination against just three of those 
six—measles, neonatal tetanus and per¬ 
tussis—is now preventing almost three 
million deaths a year. Although immu¬ 
nization rates have started to flag in re¬ 
cent years in some countries, most of 
them in western and central Africa, Lee 
has plans to reverse that trend. 

WHO has also made Impressive 
strides against polio and estimates that 
vaccination prevents 550,000 cases of 
that crippling disease annually. WHO’s 
American wing, the Pan American Health 
Organization, announced last Septem¬ 
ber that an unrelenting surveillance ef- 



JONG WOOK LEE is head of the new Global Program for Vacdnes and Immunization 
at WHO and also runs the Children’s Vacdne Initiative. Lee declares he is “flinging 
open the door to industry 51 in order to speed the development of new vaccines. 



R. GORDON DOUGLAS, JR., president of Merck & Co/s vaccine division, is angry 
about price controls Congress has imposed on vaccines supplied to the govern¬ 
ment. “This means we’re not doing all the things we’re capable of,” he states. 
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fort combined with 'Vaccination days” 
for the entire juvenile populations of 
high-risk countries has already eradicat¬ 
ed polio from the Western Hemisphere: 
the last recorded case there occurred 
in Peru in 1991. Lee's team at WHO be¬ 
lieves polio conld follow smallpox to 
extinction in the wild by the year 2000 


(stocks of virus may exist in laborato¬ 
ries after then). Lee is planning to ease 
that passage by stepping up surveil¬ 
lance and vaccination efforts in coun¬ 
tries where polio is still w r ell known. 

Close collaboration with industry on 
vaccine development is a new venture 
for WHO, however. And history suggests 


there are dangers. In August 1990, WHO, 
the World Bank, UNICEF, the U.N. Devel¬ 
opment Program and the Rockefeller 
Foundation launched a campaign called 
the Children's Vaccine Initiative (CVI). 
The CVI was intended to catalyze the 
creation of heat-stable, affordable vac¬ 
cines that could be administered orally 


Many Ways to Make a Vaccine 


A s long ago as the early I 8th century, people sought pro- 
l lection against smallpox by pressing infectious ''matter" 
from patients 5 lesions into breaks in their own skin. The high¬ 
ly dangerous practice was intended to cause a mild case of 
the disease and so bestow immunity 
Immunization became a more reasonable proposition in 
1 798, when Edward Jenner demonstrated how the illness 
could be prevented by inoculations of cowpox, a related but 
less dangerous disease. The principle of using a related 
pathogen to provoke immunity is still being explored today in 
vaccines designed to protea children from rotaviruses, which 
cause often fatal diarrhea in millions of children. But many 
other approaches to vaccination are used as well. 

KiiEed whole organisms and weakened toxins. 

Several widely used vaccines, including those targeted at 
influenza and pertussis, are based on killed microbes. In¬ 
jectable poliomyelitis vaccines also work this way A variant 
of this approach, used in diphtheria and tetanus immuniza¬ 
tion, is to inject people with chemically modified versions of 
toxins produced by the Infectious agent. Such toxoids, as 
they are called, allow the immune system to learn how to in¬ 
activate the poison from a real infection. 

Subunit vaccines. 

Vaccines consisting of molecular subunits 
of pathogens can avoid some of the compli¬ 
cations of using whole organisms. Subunit 
vaccines are now available for meningitis, 
pneumonia and hepatitis B; vaccines em¬ 
ploying this approach against respiratory s 
syncytial virus and parainfluenza virus, both | 
major killers, are in development. Subunit | 
preparations are also being investigated as I 
candidates for protection against infection | 
with HIV (the AIDS virus) as well as malaria, z 

£D 
£L 

Altered pathogens, | 

Some diseases require a more powerful f 
immune stimulus. In such cases, favorable 
results can sometimes be obtained with live microorganisms 
that have been weakened, or attenuated, so that they do not 
produce significant illness. This is still the basis of the oral po¬ 
lio vaccine and the combined vaccine against measles, mumps 
and rubella. Modified pathogens might be even more com¬ 
monly used in the future. Genetic engineering has made it 
possible to introduce immune-stimulating proteins from a 
range of pathogens into tried and trusted carrier organisms 
such as vaccinia (derived from the cowpox virus with which 
Jenner countered smallpox) and various bacteria. 

Conjugates. 

Vaccines for some bacterial diseases, such as pneumococ¬ 
cal pneumonia and meningitis, cannot be used in babies, be¬ 



cause their immune systems do not recognize as foreign the 
sugars in the bacterial cell walls. During the past two de¬ 
cades, however, researchers have learned how to combine 
these sugars with protein carriers. The resulting "conjugate" 
vaccines work well even in infants. In 1986 the first conju¬ 
gate vaccine, against Hemophilus influenzae type B, was li¬ 
censed in the U.S., and current versions are effective in chil¬ 
dren as young as two months. Conjugate vaccines for pneu¬ 
mococcal pneumonia and meningococci groups A and C are 
under development, "They could have a tremendous impact 
in a number of diseases," says John R. La Montagne of the Na¬ 
tional Institute of Allergy and Infectious Diseases, 

Adjuvants and rmcrospteeres. 

Many improvements in vaccines expected over the next 
decade are likely to be the result of better adjuvants or carri¬ 
ers. Adjuvants are substances that potentiate an Immune re¬ 
sponse. The only adjuvant licensed for use in humans at pre¬ 
sent is alum, an aluminum salt, but other chemicals, including 
some complex organic ones, are being studied. Among them 
are muramyl dipeptide, squalene, lipid spheres known as li¬ 
posomes and cagelike organic structures called immunostimu- 
latory complexes (ISCOMs). 

An approach that has long captured the 
imagination of researchers puts immunogenic 
chemical fragments into minute polymer 
spheres that only slowly let the immune sys¬ 
tem "see" their contents as they diffuse out. 
The scheme might be able to confer long-fast¬ 
ing immunity for some diseases with a single 
inoculation. Recently workers have success¬ 
fully stabilized tetanus toxoid in polyester mi¬ 
crospheres, thus pointing the way to a one- 
d os e te tan u s vacc i n e. 

Oral vaccines. 

Most vaccines are thought to exert their ef¬ 
fects in the bloodstream. Oral polio vaccine, 
however, seems to work by triggering a differ¬ 
ent kind of immune response that can be 
elicited only when immunostimulatory molecules reach spe¬ 
cial cells in the lining of the gut. Immunity generated this way 
is termed mucosal immunity. Many researchers believe vac¬ 
cines designed to stimulate mucosal immunity—which would 
probably be administered orally— might protect against dis¬ 
eases that have so far proved resistant to vaccination. Sexual¬ 
ly transmitted diseases, including HIV infection, are a major 
focus of research interest, as are pathogens that enter the 
body through the gut, such as Vibrio choierae (which causes 
cholera) and Shigella (dysentery). 

Naked DNA. 

The most recent and surprising development was the dem¬ 
onstration that DNA, when injected into muscle, can by itself 
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early in life and would protect against 
a wide range of diseases. 

The plan was to cajole manufacturers 
into making innovative products by es¬ 
tablishing priorities for research, orga¬ 
nizing clinical trials and raising money. 
Ciro A. de Quadros of the Pan American 
Health Organization says the initiative 


has secured international agreement on 
procedures for manufacturing vaccines 
and checking their quality , an important 
step toward being able to make novel 
combinations. It also stimulated a 
promising project that demonstrated 
how deuterium oxide, better known as 
heavy water, can be used to make a po¬ 


lio vaccine that is stable for up to a 
week at 37 degrees C. (The product is 
now in industrial development.) 

Russell believes that the CVTs great¬ 
est achievement w r as to persuade man¬ 
ufacturers to make vaccines that com¬ 
bine protection against hepatitis B and 
Hemophilus influenzae type B (Hib)—a 
common and dangerous cause of men¬ 
ingitis—with the existing combination 
vaccines for diphtheria, pertussis and 
tetanus. "There was tremendous embed¬ 
ded resistance 1 ' from people who saw 
no need to disturb the status quo, Rus¬ 
sell recalls. "If you look at the CVI as a 
global intellectual movement, it's been 
a substantial success.” 

Others have a different assessment. 
"European industry was quite upset 
with the CVI because it ignored our 
achievements,” explains Walter S. Van- 
dersmissen, director of government af¬ 
fairs for SmithKline Beeeham in Brus¬ 
sels. "It was a dream, and we tried to in¬ 
still a sense of realism. Today not much 
has been achieved.” The ambitions were 
slowly scaled back, but friction still de¬ 
veloped between the CVI and WHO 
when workers for those agencies start¬ 
ed giving conflicting advice to govern¬ 
ments. Moreover, the CVI failed to raise 
more than a few million dollars toward 
a planned $ 300-million fund for vac¬ 
cine development. 

Mounting disagreements among the 
CVTs sponsors over what the initiative 
should be doing were finally resolved 
last August. The sponsors agreed to let 
the initiative be advised by the same 
committee that oversees WHO’s new 
program, thus effectively bringing them 
under one command. Lee was given the 
additional appointment of executive 
secretary of the CVI, w r hich makes him 
almost a global vaccine czar. The CVI 
will now concentrate on raising aware¬ 
ness of research results and gaining 
political commitments to improved vac¬ 
cines, according to Roy Widdus, an ad¬ 
viser to Lee on the project. 

Whether the new WHO effort can 
forge a consensus on vaccine develop¬ 
ment will depend on the ability of Lee 
and his team to better the record of the 
CVI in building constructive links with 
industry. Lee acknowledges that WHO 
has in the past been coy, even “a little 
paranoid,” about close relations with 
manufacturers, fearing that its impar¬ 
tiality might seem to be tainted. But he 
now has good reason to want to change 
that stance. 

Last year WHO received the results 
of a confidential study conducted by 
Mercer Management Consulting on the 
economics of the $3-billion global vac¬ 
cine Indus try, A central finding was that 
the $60 million that UNICEF spends ev- 


eonfer immunity. Workers at Vical, a biotechnology company in San Diego, Calif., 
collaborating with Merck and U.S. Navy investigators, have shown that such "naked 
DNA" can immunize mice against malaria and influenza. The DNA, which encodes 
a protein displayed by the pathogen, apparently stimulates host tissues to synthe¬ 
size proteins that the immune system recognizes as foreign. 

By continuously stimulating the immune system, naked DNA vaccines could pro¬ 
duce responses as strong as those induced by attenuated organisms. In particular, 
they seem able to stimulate the arm of the Immune system that employs T cells to 
kill invaders. Naked DNA technology “has an immensely powerful capability,” says 
Philip K. Russell of the Albert B. Sabin Vaccine Foundation. 

SOME VACCINES IN DEVELOPMENT 


Di sease/Pathog en 

Technology 

Respiratory syncytia! virus 

Attenuated virus; 
subunit in microspheres 

Influenza 

Attenuated virus and naked DNA 

Group B streptococci 

Conjugates 

Parainfluenza 

Subunits and attenuated virus; 
inactivated virus in microspheres 

Meningococci group B 

Modified polysaccharide 

Measles 

Subunits in ISCOMs and in vaccinia; 
attenuated virus; naked DNA 

Pneumococcal pneumonia 

Subunits and conjugates 

Typhoid 

Subunits and conjugates 

Cholera 

Inactivated and attenuated pathogens; 
subunit combinations 

Shigella 

Bacterial vector; subunits and conjugates 

Tuberculosis 

Mycobacterial vector; subunit 

Malaria 

Subunit and naked DNA 

Dengue 

Yeast, yellow fever and vaccinia vectors; 
attenuated and chimeric viruses 

Rotavirus 

Attenuated and modified viruses 

Tetanus 

Single dose: toxoid in microspheres 

Schistosomiasis 

Subunit 

Human immunodeficiency 
virus 

Subunits; vaccinia vectors; inactivated 
virus 


SOURCES: Global Program for Vaccines and Immunization, World Health Organization; 
The Jordan Report. National Inst it ole of Allergy and infectious Diseases 
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ery year to buy vaccines for pooT coun¬ 
tries—at discount prices—was enough 
for the deals to be profitable for manu¬ 
facturers, provided they could charge 
higher prices elsewhere. The study thus 
made dear that UNICEF—which acts as 
the purchasing arm of WHO—could ex¬ 
ert pressure on manufacturers. “We are 
writing the guidelines, so we have lever¬ 
age,” Lee dedares. “No one country can 
perform this function, and industry can¬ 
not ignore the process.” 

Building Bridges 

L ee is keen to stimulate vaccine pro- 
t duction in developing countries as 
well as in the industrial world. About 60 
percent of the global supply of diphthe¬ 
ria-pertussis-tetanus vaccine—a relative¬ 
ly simple product—is made in develop¬ 
ing countries; Lee explains that he would 
be quite happy to see manufacturers 
outside the industrial world grab a larg¬ 
er slice of the pie for other products. “In 
the developing world, they are not just 
driven by profit motivations,” he says. 

At present, technical problems mean 
some vaccines manufactured in devel¬ 
oping countries “may be completely 
useless,” Lee admits. But WHO has in¬ 
troduced standards of good manufac¬ 
turing practice that should eliminate 
such variations. Lee argues that if man¬ 
ufacturers in Asian countries can make 
cars suitable for the U.S. market, Asian 
pharmaceutical companies can proba¬ 
bly make vaccines to WHO’s standards. 
Lee is also spearheading an effort to 


encourage more countries to make or 
buy vaccines rather than appeal to the 
charity of UNICEF. At present, UNICEF 
purchases fully 40 percent of the 
world's pediatric vaccines for countries 
that have not made their own arrange¬ 
ments. Some of those countries could 
buy for themselves, Lee says, and a 
few—including China and India—will 
be told to start doing so immediately. 
Others will be given a grace period. The 
move is likely to be well received by 
manufacturers: because many poor 
countries are unlikely to establish their 
own plants, Lee's policy means more 
vaccines will be sold at higher prices. 

Vacdne makers have noticed the new 
industry-friendly stance in Geneva, “It's 
a major change for a group that has a 
tendency to denigrate the profit-mak¬ 
ing sector,” reflects Thomas M, Vernon, 
Jr., executive director for medical, sci¬ 
entific and public health affairs at Mer¬ 
ck. “There has been a wind of change,” 
Vandersmissen agrees. "Now industry 
can frankly state its point of view, in¬ 
cluding financial concerns.” 

Within the past year the Global Pro¬ 
gram for Vaccines and Immunization 
has awarded $400,000 to industrial and 
academic researchers to investigate how 
a heat-stable oral polio vaccine might be 
manufactured. It has also entered into 
contracts worth more than $300,000 
with companies in the U.S. and Europe 
to develop improved vaccines for group 
A and C meningococci and for tubercu¬ 
losis and Leprosy, as well as a single¬ 
dose tetanus toxoid using microsphere 


technology [see box on pages 72 and 
73}. The amounts are small, but man¬ 
ufacturers can “fed they are partners," 
says Paul-Henri Lambert, head of the 
vaccine R&D division. 

U.S. vaccine producers, however, are 
unlikely to become suppliers for UNICEF, 
According to Ronald J. Saldarmi, presi¬ 
dent of Lederle-Praxis Biologicals, an¬ 
other major U.S. vaccine manufacturer, 
the prices are simply too low, "I can't 
afford to supply” UNICEF, he states. 
Merck's Douglas blames the U.S. gov¬ 
ernment for making it hard for domes¬ 
tic. manufacturers to hid on UNICEF 
contracts. Merck would do so, he says, 
if it could charge lower prices than it 
charges the federal government for vac¬ 
cines. But back in 1982, Merck execu¬ 
tives were lambasted by a congression¬ 
al committee for proposing to do just 
that, and the company wants to avoid a 
repeat episode. Overseas manufacturers 
that have supplied UNICEF programs 
were encouraged to do so by their gov¬ 
ernments as a matter of foreign policy, 
Douglas maintains. 

Constraints on vaccine prices also lie 
at the heart of a separate bitter argu¬ 
ment U,S, manufacturers have with their 
government. The amount of vaccine 
that U.S. producers sell to the Public 
Health Service can fluctuate drastically 
from year to year as a consequence of 
the rules used to apportion purchases. 
Yet under the Vaccines for Children pro¬ 
gram \see box on opposite page], which 
started last October, the price the gov¬ 
ernment pays is capped, with increases 
only for inflation. The combination is 
anathema to industry 7 . Barry- R. Bloom, 
a researcher at the .Albert Einstein Col¬ 
lege of Medicine in Bronx, N.Y., argued 
recently in Science for the creation of a 
national vaccine commission to try to 
bring some stability* to the rocky rela¬ 
tions between the U.S. government and 
its suppliers. The commission would 
assess vaccine supply and demand and 
be able to respond to emergencies, such 
as an outbreak of infectious disease, "If 
there were an outbreak of yellow fever 
in New Orleans, we would be out of vac¬ 
cine in two weeks,” Bloom dedares. “We 
are not prepared.” 

Others are not convinced that a com¬ 
mission would help. Saidarini of Leder- 
| le-Praxis sees no need for another gov- 
x eminent committee. “I'm committeed 
o out,” he complains. In any event, Con- 
" gress recently directed the nearest thing 
the government had to a central author¬ 
ity on vaccines—the National Vaccine 
Program Office—to cut 30 people from 
its staff of 35. Russell calls the effective 
dismantling of the office “a disaster.” 

Lee seems anxious to avoid similar 
disasters in the international arena. Blit 



MOBILE VACCINATION CLINIC near Chang Rai, Thailand, is visited by hill tribe vil¬ 
lagers, In such remote areas lacking electricity and modern refrigeration, distribu¬ 
tion efforts are complicated by the need to keep the vaccines cool. 
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Born in the U.S.A. 


E ven in a rich country such as the U.S., getting vaccines 
to infants is difficult* Almost all American children are 
fully vaccinated by the time they enter school, since vacci¬ 
nation is a condition for enrollment. Still, many do not re¬ 
ceive all their shots by the recommended age. Henry D. 
Mustin and his colleagues at the University of Washington 
published in a recent issue of the Journal of the. American 
Medical Association a study showing that in a nationally 
representative sample only 46 percent of white infants 
and 34 percent of black infants had received adequate im¬ 
munizations by the age of eight months. According to the 
Centers for Disease Control and Prevention, 67 percent of 
U.S. youngsters have received all the recommended doses 
of diphtheria-pertussis-tetanus, measles-mumps-rubella 
and poliomyelitis vaccines by the time they are two years 
old* But only 55 percent had received the three recom¬ 
mended Hemophilus influenzae type B shots, and only 1 6 
percent had been properly vaccinated against hepatitis B. 
The vaccine-policy joke (there is only one) is that there are 
counties in Texas where the cattle are better immunized 
than the children are. 

Missed vaccinations can have serious consequences. 
Poor measles vaccination rates resulted in a 55,000-case 
outbreak in the U.S. in 1989-1991, causing 136 deaths. 
Concern about the low rates prompted the government to 
implement last year the Vaccines for Children (VFC) pro¬ 
gram, which was intended to make it easier for uninsured 
or inadequately insured children to obtain free vaccines 
from private physicians, (Private pediatricians 
typically charge $270 for a full course of 11 
shots, although vaccinations have also been 
free for the asking in public health clinics.) But 
the program has gotten off to a shaky start. 

Initially the government had proposed dis¬ 
tributing vaccines for the program to private 
physicians from a single warehouse in Bur¬ 
lington, N.J. Officials realized belatedly, how¬ 
ever, that they could not establish the neces¬ 
sary tracking and handling system by the pro¬ 
gram's October 1 starting date; consequently, 
that plan was scrapped. Some states with ex¬ 
perience in vaccine distribution have agreed 
to disburse VFC vaccines to physicians them¬ 
selves, but as of early November, 24 states 
had still not done so. 

U.S. vaccine manufacturers bitterly oppose 


the VFC program because it has increased the fraction of 
domestic vaccine bought by the government (at a half- 
price discount) from about 50 to 80 percent. At the same 
time, Congress put a cap on prices, so makers cannot 
compensate for the fall in revenues. The result, they say, 
will be less research and fewer new products. 

R. Cordon Douglas Jr., of Merck notes that the project¬ 
ed shortfall is already constraining the company’s choices 
about which projects to pursue. These decisions will af¬ 
fect health 10 years from now, and I can only tell you that 
this means we’re not doing all the things we are capable 
of,” he insists. Christine M. Grant of Connaught Laborato¬ 
ries, which is owned by Pasteur-Merieux, remarks that the 
price-capping provisions of the program “send a message 
that is 180 degrees opposed to support for research and 
development.” Ronald J. Saldarini, president of LederJe- 
Praxis Biolog icals, charges that the VFC program ‘is an at¬ 
tempt to virtually nationalize the industry and take us out 
of the private sector," 

Even if the VFC program is fully implemented, Douglas 
argues that it will not significantly increase the number of 
children in the U.S* who receive their immunizations on 
time. The reason some children fall behind is not cost, 
Douglas maintains, but a lack of education and ready op¬ 
portunities in impoverished inner-city areas. Douglas’s 
proposed solution to U.S, vaccination woes is to require 
that every health insurance package cover preventive ser¬ 
vices for children. 



The VFC vaccine distribution center that wasn’t 


whether the new WHG/CVI combined 
bureaucracy can really spur the develop¬ 
ment of more effective vaccines is still 
an open question. Despite Lee’s over¬ 
tures to industry, difficulties remain. 
Lambert says industry's penchant for 
secrecy about its plans—especially when 
it scents profits—is still a problem. Van- 
dersmissen argues that WHO would be 
most effective if it concentrated on or¬ 
ganizing clinical trials. 

Lee has his own measure of progress 
in relations with industry. "When we in¬ 
vite, they always come, 11 he observes 
with satisfaction. “They are never too 
busy.” But in the long term, success will 


depend on other factors, not least on 
how much money the program can raise. 
“Unless some other source of funds is 
found, none of this can really work,” 
Bloom says. Hie Global Program for Vac¬ 
cines and Immunization now has a bud¬ 
get of less than $30 million; Lee would 
like to increase that to $50 million. 
More important still will be whether 
WHO adopts economically sustainable 
policies that will keep the industry con¬ 
nection strong. It is still too early to 
judge the program, but Lee at least ap¬ 
pears to have a clear vision. “Whatever 
else,’’ he admonishes, “we must not kill 
the goose that lays the golden eggs.” 


FURTHER READING 

The Jordan Report: Accelerated De¬ 
velopment of Vaccines in 1993. Na¬ 
tional Institute of Allergy and Infec¬ 
tious Diseases, National Institutes of 
Health, 1993. 

Frontiers in Medicine: Vaccines. Spe¬ 
cial section in Science, Vol. 265, pages 
1371-1404; September 2, 1994* 
Vaccines and Public Health: Assess¬ 
ing Technologies and Public Poli¬ 
cies. Special section in International 
Journal of Technology Assessment in 
Health Care , Vol. 10, No* 1, pages 1-196; 
Winter 1994. 
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MATHEMATICAL RECREATIONS by Ian Stewart 



SUNFLOWER HEAD, like that of daisies and many other flowers, contains two fam¬ 
ilies of interlaced spirals—one winding clockwise, the other counterclockwise Mod¬ 
els show that this regular pattern results from the dynamics of plant growth. 


TJ ees buzzed drowsily, the sun 
rC beamed down and sunflowers 
JLJ waved in the breeze. Grimes the 
shepherd boy snored under a tree, 
while Bumps the goose girl made daisy 
chains. Suddenly she stopped, 

“Grimes! I've just found a daisy with 
31 petals. Usually this kind has 34.” 

Grimes sat up and stretched. “Real¬ 
ly? It's curious that there’s a specific 
number. Though I suppose that the 
flower's genes must specify—’ 1 
“I don't see that they must. 1 mean, 
genes tell plants how to make chloro¬ 
phyll, but they don’t tell them to make 
it green. That’s chemistry, not genetics.” 

Grimes had been through this argu¬ 
ment with her before. ‘'Yeah, sure. Some 
features of the morphology of living 
creatures are genetic in origin, and oth¬ 
ers are a consequence of physics, chem¬ 
istry and the dynamics of growth.” 

"Right,” Bumps said. “Genetics can 
give rise to pretty much anything, 
whereas physics, chemistry and dynam¬ 
ics produce mathematical regularities.” 

“I wouldn’t say that 34 is a very 
striking regularity,” Grimes said. 

Bumps pulled petals from her daisy. 
"Agreed, but the numbers that arise in 
plants—not just for petals but for ail 
sorts of other features—are normally 
very special. Lilies have three petals, but¬ 
tercups have five, marigolds 13, asters 
21, and most daisies have 34, 55 or 89* 
You don't find any other numbers very 
often. The main exceptions are when 
those same numbers occur doubled or 
when the so-called anomalous series 
appears—3, 4, 7, 11, 18 and so on.” 

Grimes scratched his head. “I’ve seen 
those numbers before.” 

“Yes. The numbers 3, 5, 8, 13, 21, 34, 
55, 89 form the beginning of—” 

"The Fibonacci series,” Grimes said 
in triumph. “Each number is the sum 
of the two that precede it. Your 'anom¬ 
alous series’ has the same pattern.” 

“Right,” Bumps replied. “Fibonacci 
was a medieval mathematician who in¬ 
vented the series to model the growth 
of rabbit populations. That didn’t work 
very well. But his numbers turn up in 
many different places. Look at how a 
sunflower’s florets are arranged.” 

Grimes eyed a nearby plant myopi¬ 
cally. “Wow. Spirals—34 spirals wind 
clockwise, tike the spokes of a wheel, but 


curved. Counterclockwise, there are 55.” 

"Consecutive Fibonacci numbers,” 
Bumps added. “The precise numbers 
depend on the species of sunflower, 
but you get 34 and 55, or 55 and 89, or 
even 89 and 144. Daisies, too.” 

“Weird,” Grimes said 
“Entirely,” Bumps agreed. “If genetics 
can give a flower any number of petals 
it likes, why such a preponderance of 
Fibonacci numbers?” 

Grimes snapped his fingers. “You’re 
teilmg me that the numbers arise 
through some mathematical mecha¬ 
nism? Physics, or chemistry, or—” 
"Dynamics,” Bumps said firmly. 

“Has somebody actually explained 
how plant growth might yield Fibonac¬ 
ci numbers?” Grimes asked. 

“Well, lots of people have suggested 
many different kinds of answers. But for 
me, the most dramatic insight comes 
from Step bane Douady and Yves Corn 


der of the Laboratory of Statistical Phys¬ 
ics in Paris. They recently showed that 
the dynamics of plant growth could ac¬ 
count for the Fibonacci numbers—and 
much more. 

"The basic idea is an old one,” Bumps 
continued. “If you look at the tip of the 
shoot of a growing plant, you can de¬ 
tect the pieces from which all the main 
features of the plant—leaves, petals, se¬ 
pals, florets or whatever—form. At the 
center of the tip is a circular region of 
tissue having no special features, called 
the apex. Around the apex, one by one, 
tiny lumps called primordia emerge. 
Each primordium migrates away from 
the apex and eventually develops into a 
leaf, petal or the like. So you must ex¬ 
plain why you sec spiral shapes and Fi¬ 
bonacci numbers in the primordia/’ 

“How?” Grimes wondered. 

“The first step is to appreciate that 
the spirals most apparent to the human 
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eye—the parastichies—are noi funda¬ 
mental. The most important spiral is 
formed by considering the primordia 
in their order of appearance | see illus¬ 
tration on this page]. Primordia that ap¬ 
pear earlier travel farther, so you can de¬ 
duce their order based on their distance 
from the apex. You find that the pri¬ 
mordia are spaced rather sparsely along 
a tightly wound spiral, called the gen¬ 
erative spiral* With me so far, Grimes?” 

“No problem. But why do the primor¬ 
dia form spirals?" 

“That comes a bit later* The pioneer 
crystallographer Auguste Bravais and 
his brother, Louis, observed one essen¬ 
tial quantitative feature in 1837. They 
drew lines from the center of each pri- 
mordium to the center of the apex and 
measured the angles between succes¬ 
sive primordia, as seen from the center 
of the apex. Look at the angle between 
the primordia numbered 29 and 30, or 
30 and 3 L What do you notice?" 

Grimes squinted. “They look the 
same.” 

“Precisely. The successive angles are 
pretty much equal; their common val¬ 
ue is called the divergence angle. The 
primordia are equally spaced, in an an¬ 
gular sense, along the generative spiral* 
How big do you think the divergence 
angle is?” 


“Quite big, more than a right angle." 

“Good. IPs usually dose to 137.5 de¬ 
grees*" Bumps looked smug, although 
Grimes didnY know why, 

“Take consecutive numbers in the Fi¬ 
bonacci series," Bumps began to explain. 

“Like 34 and 55?" 

“Exactly. Now, form the fraction 34/55 
and multiply by 360 degrees." 

Grimes fished out the pocket calcula¬ 
tor he normally used to keep track of 
feedstocks. “Urn. IPs 222.5 and a bit.” 

“You can measure angles externally 
or internally. Your answer is more than 
180 degrees, so subtract it from 360." 

“Right," Grimes said, punching the 
buttons* “Thafs 137*5 degrees." 

“You got it. The ratio of successive 
Fibonacci numbers, as they get bigger, 
gets closer to 0.618034, which is 
(yfS -1 )/2, the so-called golden number, 
denoted by Lhe Greek letter phi, p.” 

“I thought the golden number was 
(75 + D/2," Grimes queried. 

“Thafs L618034. The golden num¬ 
ber equals both 1 + q? and l/<p. If you 
look at the ratio the other way up, say, 
55/34 = 1*6176, then the limit of in¬ 
creasingly larger Fibonacci ratios tends 
toward 1.618034 instead. At any rate, 
the key to the whole shebang is the 
'golden angle/ which is 360{1 -<p) de¬ 
grees, or 137.50776 degrees. The Bra- 



PR1MORD1A, numbered from 1 to 57, appear in sequence along a tight spiral (green). 
Another 21 spirals, called paraslichies, are more obvious. Eight parastichies curve 
clockwise, and 13 run counterclockwise (black). 


vais brothers observed that the angle 
between successive primordia is very 
close to the golden angle.” 

“Gotcha." 

“If you plot successive points on a 
tightly wound spiral at angles of 137*5 
degrees, because of the way neighbor¬ 
ing points align, you get two families of 
interpenetrating spirals. And because 
of the relation between Fibonacci num¬ 
bers and the golden number, Lhe num¬ 
bers of spirals in the two families are 
consecutive Fibonacci numbers*" 

Grimes watched the butterflies flitting 
about the meadow for a moment. “So it 
all boils down to explaining why suc¬ 
cessive primordia are separated by the 
golden angle?" 

“Yes. Everything else follows from 
that, provided you assume that succes¬ 
sive primordia spring up around the 
edge of the apex—as suggested by Wil¬ 
helm Hofmeister in 1868—and that they 
move away in a radial direction*” 

“Does the speed at which they move 
matter?" Grimes asked. 

“Definitely. Because of the way plants 
grow, migrating primordia actually 
speed up as the radius increases—keep¬ 
ing a velocity proportional to the radius." 

“And thafs where this theory of Dou- 
ady and Couder comes in?" 

“That’s right," Bumps said. "They built 
their ideas on an earlier insight. If you 
model plant seeds as circular disks hav¬ 
ing a fixed radius and pack them togeth¬ 
er as closely as possible, while retaining 
a constant divergence angle of 137*5 
degrees, then the nth seed (counting 
from the newest to the oldest) must be 
placed at a distance proportional to the 
square mol of n. So the golden angle al¬ 
lows the seeds to pack most efficiently." 

“Say again?" 

“Well, suppose you did something 
stupid and used a divergence angle of 
180 degrees, which divides 360 degrees 
exactly. Then successive primordia 
would be arranged along two opposite 
radial lines. In fact, if you use any ratio¬ 
nal multiple of 360 degrees—an angle 
that can be expressed as 360 p/q for 
whole numbers p and q —you get q ra¬ 
dial lines and big gaps between them." 

Grimes nodded sagely* “So the seeds 
don't pack efficiently*” 

“Precisely. To do so requires a diver¬ 
gence angle that is an irrational multi¬ 
ple of 360 degrees—the more irration¬ 
al, Lhe more efficient. Number theorists 
have long known that the most irra¬ 
tional number is the golden number." 

Grimes looked baffled* “What do you 
mean, 'most irrational 1 ? Numbers are 
either irrational or not, right?" 

“Yes, but some are more irrational 
than others. Remember that the ratios 
of successive Fibonacci numbers tend 
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ARRANGEMENT of primordia shown here is produced by sep¬ 
arating points by the golden angle along a tightly wound spi¬ 
ral (left). The number of resultant parastichies depends on 
the time elapsed between the appearance of successive pri¬ 
mordia (right). The main curve corresponds to pairs of con¬ 
secutive Fibonacci numbers (red). 77ie secondary curve gives 
the anomalous series (blue). 


toward the golden number So <p is 
the limit of the sequence 2 / a , V 51 Vs 
and so oil Those are rational approxi¬ 
mations that get closer to, but never 
equal, tp. We can measure how 'irra¬ 
tional' (p is by seeing how quickly the 
differences between these fractions 
and tp shrink toward zero. In fact, they 
shrink more slowly for tp than they do 
for any other irrational number." 

"So the golden number is distinct 
from every other number based on this 
simple mathematical property." 

"Good point," Bumps said. “Well, 
Douady and Couder explained the gold¬ 
en angle as a consequence of dynamics, 
rather than postulate it directly on the 
grounds of efficient packing. They as¬ 
sumed that successive elements, repre¬ 
senting primordia, form at equal inter¬ 
vals of time on the rim of a small circle, 
or the apex. These elements then mi¬ 
grate radially at some initial velocity 
and repel one another—a condition that 
ensures continuous motion and that 
each new element appears as far as pos¬ 
sible from its predecessors." 

“You mean it pops up in the biggest 
gap?" Grimes clarified, 

“Grimes, you have a wonderful way 
with the English language. It's a good 
bet that such a system will pack effi¬ 
ciently, and so you would expect the 
golden angle to arise of its own accord. 
And it does—though with some inter¬ 
esting frills," 

“Such as?” 

“There are two ways to work out 
what happens. One is to perform an ex¬ 
periment, as did Douady and Couder, 
Instead of using plants, though, they 
filled a circular dish with silicone oil 


and placed it in a vertical magnetic field. 
Next they periodically dropped small 
amounts of magnetic fluid into the cen¬ 
ter of the dish. The magnetic field po¬ 
larized the drops, which then repelled 
one another. To send the drops in a ra¬ 
dial direction, they increased the mag¬ 
netic field at the edge of the dish. The 
patterns that appeared depended on 
how much time passed between suc¬ 
cessive drops. But very often the drops 
lay on a spiral separated by divergence 
angles very close to 137,5 degrees.” 

“The golden angle!" Grimes ex¬ 
claimed suddenly. 

“Douady and Couder produced simi¬ 
lar results from computer calculations. 
In detail, they found that the diver¬ 
gence angle depends on the time 
elapsed between drops, according to a 
complicated branching pattern of Wig¬ 
gly curves [see right illustration above]. 
Each section of a curve between adja¬ 
cent wiggles corresponds to a particu¬ 
lar pair of numbers of spiral families. 
The main branch runs close to a diver¬ 
gence angle of 137.5 degrees, and along 
it you find all possible pairs of consec¬ 
utive Fibonacci numbers, in numerical 
sequence. The gaps between branches 
represent 'bifurcations' where the dy¬ 
namics undergo significant changes." 

Grimes thought for a few moments. 
"But there are branches that aren’t 
dose to 137.5 degrees, too." 

"Yes, The main one corresponds to 
the anomalous series. The appropriate 
timing in this same model produces 
the most common exceptions to the Fi¬ 
bonacci rule and the Fibonacci rule it¬ 
self—which shows why the exceptions 
occur while making it clear that they 


aren’t really exceptions at all. But of 
course nobody is suggesting that bot¬ 
any is quite as perfect as this model. In 
many plants the rate of the appearance 
of primordia can speed up or slow 
down. In fact, whether a primordium 
becomes a leaf or a petal often accom¬ 
panies such variations.” 

"So maybe a plant’s genes affect the 
timing of the appearance of the primor¬ 
dia?” Grimes asked, 

“Exactly. But genes need not tell them 
how to space the primordia. That’s done 
by dynamics. It’s a partnership of phys¬ 
ics and genetics.” 

Grimes waved a particularly well-de¬ 
veloped sunflower in the air. "You think 
maybe if I ate these seeds they’d im¬ 
prove my mathematical ability?" 

“Try it,” Bumps said. Grimes started 
to nibble at the seeds. “On the other 
hand—" 

He stopped. "What?” 

“Don’t forget why Fibonacci invented 
his numbers. Maybe you'll turn into a 
rabbit." 


FURTHER READING 

The Algorithmic Beauty of Plants. 
Przemyslaw Pmsinkiewiez and Aristid 
Lindenmayec Springer-Verlag, 1990. 
Phyllotaxis as a Self-Organized 
Growth Process. Stephane Douady 
and Yves Couder In Growth Patterns in 
Physical Sciences and Biology. Edited by 
Juan M, Garria-Ruiz et al. Plenum Press, 
1993. 

La Physique des Sfirales Vegetates. 
Stephane Douady and Yves Couder in 
La Recherche, Vol. 24, No. 250, pages 
26-35; 1993. 
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BOOK REVIEWS 


by Philip Morrison 


Smart Buildings 

How Buildings Learn: What Happens 
after They’re Built, by Stewart Brand, 
Illustrated, Viking, 1994 ($30), 

B y our wastes shall we be known. 
The most voluminous portion of 
landM waste deposits is paper; 
construction debris is second. Paper 
dominates since in use it is so ubiqui¬ 
tous yet short-lived. Debris is copious 
because we build in great bulk and redo 
what we build. Nationally, the annual 
cost of all rehab often exceeds that of 
all new construction (although it earns 
a smaller share of architects' fees). 

This lively, well-prepared critic is pen- 
etratingly original, if sometimes carried 
away by inferential zeal (unlike most 
others, he admits it). He shows plainly 
how buildings flow in time. He offers 
something prospective, too—how and 
why to build for change sure to come. 
The hundreds of photographs that 
crowd this book document it firmly: ar¬ 
chitecture's frozen music thaws, be it 
pop, jazz, stately minuet or sacred 
score. The book presents a reasoned, 
candid and severe critique of today’s 
architecture and its context in finance 
and development. At heart this is a ref¬ 
utation of visionary solutions; evolu¬ 
tionary design endures by adapting. 

in 1865 New York City’s low^er Broad¬ 
way, west side, had 261 buildings from 
below Trinity Church up to Union 
Square. Mostly inultistoricd, they are all 


drawn here. By 1990 just 33 of them 
were left, a half-life of 42 years. Cities 
devour buildings; streets outlive more 
than 10-fold the structures that line 
them. In developed nations the largest 
capital asset, wide open to turnover, is 
the office buildings, where more than 
half the workforce is found. Institution¬ 
al buildings—also mainly offices— 
change as wed, although their busi¬ 
nesses rarely fail. Homes change even 
more systematically as families grow 
and fade, and desires and opportunities 
appear. All are pushed by technology, 
money and fashion. 

Every building is a system with mul¬ 
tiple rates of internal change. “Site is 
eternal," says the author* in excusable 
hyperbole. Strucmre* skin* services, 
space plan and the stuff space holds all 
undergo change at different rates. An 
adaptive building has to allow for that 
profound internal slippage* or else the 
lasting paris will stultify the swift, and 
quick change will all too soon tear out 
the durable. 

Brand maps three roads to adapta¬ 
tion, The Low Road is freedom: “low- 
visibility* low-rent* no-style.” Nobody 
cares when you cut openings in sheet- 
rock walls, "Most of the world’s work is 
done" under such a license to change. 
The founding garages of the start-up 
firms of Silicon Valley are not mere 
myths. Even the Pentagon* like the be¬ 
loved 'Temporaries” at M.I.T. built dur¬ 
ing World War II under General Leslie 
Groves, shares the Low Road by its un¬ 


pretentious and well-maintained design 
innocence. The High Road is grander— 
Monticello* the Devonshires' great house 
Chatsworth* Robinson Jeffers's Tor 
House—and can yield subtle adapta¬ 
tions that rest on a continuity of care. 
“Poets and duchesses know that doing 
a High Road building right is a labor of 
love measured in lifetimes.” 

Lacking both the High virtues and Lhe 
Low* it is famous buildings that adapt 
worst. They ignore time* although time 
does not reciprocate. Here Brand grows 
scornful* naming renowned names who 
give us impressive and useless atriums 
and other alienating designs. The 
drenched owner of the celebrated Fall- 
ingwatcr designed by Frank lioyd Wright 
called it “a seven-bucket building,” Most 
interesting* though, is the author’s own 
disarming mea culpa. He was himself “a 
major propagandist for Fuller domes" 
when once they grew in all the waste¬ 
lands under a young, fond and inexpe¬ 
rienced ownership. They always teak, 
they sound awful, their construction is 
incurably nightmarish and wasteful, 
and they cannot adapt at all. Once out¬ 
grown, they were mainly left as empty 
as broken eggshells by their scattered 
hatchlings. 

The architectural profession’s stud¬ 
ied indifference to adaptation and the 
real-estate market's indifference to con¬ 
tinuity' have together induced a “quiet* 
populist* conservative, victorious revo¬ 
lution*” now under way in Britain and 
America: historic building preservation 



1857: On St Charles Street in New Orleans r two identical 1993: Both buildings endured vigorously into the 1990s, gain 
Greek Revival brick townhouses were built about 1850 . ing character and individuality with every decade. 
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is today an important fraction of all con¬ 
struction. join this account to a chap¬ 
ter on maintenance, and the text has 
entered the design domain. One apho¬ 
rism is well worth citing: "The Eiffel 
Tower's lasting message is: exposed 
structure can be gorgeous." The inside- 
out design of Pompidou Centre has a 
tasting message as well: “Never expose 
services.” AH those brightly painted 
ducts, funnels and pipes are less than 
rigid under wind and weather. Once 
slightly bruised or bent, they soon pro¬ 
claim an "exorbitant scandal of rust and 
peeling paint," 

Pride of place in a chapter on vernac¬ 
ular styles is given to the Malay House, 
“a wonder of incremental architecture." 
Around it there has developed a spe¬ 
cific language of growth start with the 
core house, go to verandas, a covered 
walkway, kitchen, extensions front and 
back, and entrance porch In the mono¬ 
graph cited here (“the best book that 
Fve seen on any indigenous architec¬ 
ture"), its author Lim Jee Yuan credits 
the style with “near-perfect solutions to 
the control of climate, multifunctional 
use of space, flexibility in design and 
a sophisticated prefabricated system 
which can extend the house with the 
growing needs of the family." One such 
house is shown here, beautiful inside 
and out; you see a tight steel roof shield¬ 
ing an open, airy tolerant house on stilts, 
with a sense of generous order. 

Other chapters continue in the same 
winning voice, an iconoclasm that is 
never merely contentious. End with one 
sidelong passage on materials, “I re¬ 
member when fiberglass boats first 
came along...and everyone said they 
would never work, never sell, never last. 
Wrong on every count. Fiberglass boats 
are lighter and stronger...[and] endure 
negligent owners.... Fiberglass never 
leaks, wood always does.... I have 
owned and sold an excellent plastic boat 
and owned and kept a troublesome 
wooden boat. Why? The wood feels bet¬ 
ter, and 1 can fiddle with it. But if I real¬ 
ly had to sail somewhere I'd get fiber¬ 
glass or steel." 

Buildings will follow that course, 
Brand believes. “The ones that have to 
sail somewhere will be made of ad¬ 
vanced materials." Traditional materi¬ 
als will keep their costly appeal, for 
those who will pay for a touchable and 
rewarding aesthetic. All around us will 
grow a clever second domain of the 
more practical, mostly proud and abso¬ 
lute fakery, like granite veneer. But fu¬ 
ture buildings will learn a little more 
easily, by paying attention as we do, 
their new smart materials provided in 
one way or another with built-in senso¬ 
ry and motor responses. This is a read¬ 


able book on learning, itself good to 
learn from—and to dispute. 

Autofab 

Automated Fabrication: Improving 
Productivity in Manufacturing, by 
Marshall Bums. PTR Prentice-Hall, 1993 
($64). 

T his fresh, readable, often surpris¬ 
ing book looks at autofab, the 
manufacture of complex shapes 
without assembly of parts, with mini¬ 
mal human attention and without a new 
solid model for each new shape. Auto¬ 
fab can do without solid prototypes; its 
models are digital. 

It is easy to be a sculptor, runs the old 
challenge. Simply take away every bit 
of your marble block that is not Venus. 
That subtractive shaping of solids is 
still the chief task of machine tools. 
Subtractive autofab is not new. It began 
about 40 years ago; by the late 1980s it 
was widespread, mainly in the form of 
computer numerically controlled (CNC) 
milling, an engineering industry now ap¬ 
proaching the SlG-bdlion-a-year scale. 
In such machines, rotating tools cut 
aw r ay the workpiece under tight digital 
command. One giant instance is shown 
here, a 1992 U.S.-made CNC "machining 
center," ready to set its axis “over any 
machinable solid," to an accuracy of 
five or 10 microns, anywhere within a 
volume the size of a large living room. 
At any point it will select one tool from 
its kit of 100 cutters, drills and taps, 
pausing only for “60 sec chip-to-chip ” 
For $5 or $10 million, you can own one 
fit to release the frame for some heavy 
earthmover, or the Pallas Athena her¬ 
self, from a slab of metal or stone. 

Half a dozen other subtractive forms 
of autofab, none so heroic in scale, are 
described here quite fully. One firm 
makes a machine able to carry out un¬ 
attended point-by-point shaping entire¬ 
ly by CNC electrical spark erosion and 
thus to form with precision even sub¬ 
stances that resist cutting tools, such as 
hardened steels and certain ceramics. 
The most modest CNC device listed is a 
trainer for student machinists, a desk¬ 
top lathe under full PC control, priced at 
1.6 kilobucks by its Austrian makers. 

That machine-tool style of autofab is 
vaguely familiar to most readers. But it 
is the new additive autofab that has riv¬ 
eted the author's attention and in turn 
wins ours. Additive autofab is an em¬ 
bryonic industry, now in boom, on an 
economic scale still only mills to the 
dollar of its mature subtractive rival. 
There Sony, DEC, Du Pont and others 
strive among start-ups large and small. 



SURFACE RELIEF of human body digi¬ 
tized by a planar interferometer can be 
used in the automated fabrication of 
garments , especially those for outer 
space and other harsh environments . 


Among several less ambitious sys¬ 
tems now in use, one product here is 
signaled by a working demo “generated 
automatically in a single machine" in 
24 hours of work. This desktop show¬ 
piece is an assemblage of 12 white plas¬ 
tic gears, so meshed that turning any 
one rotates all the others. A plastic uni¬ 
versal joint offers a more practical ex¬ 
ample. Using an automatic copier-like 
system of high quality, the system be¬ 
gins by printing out on glass, full-size 
pattern masks the final product design, 
sectioned into layers. Fluid resin layers 
are laid down at about one per minute, 
each layer in turn cured into solid by ex¬ 
posure to ultraviolet light. The uncured 
portions left in the shadows are sucked 
away. Molten wax fills the voids to sup¬ 
port the delicate structures in the layer. 
The wax is chilled and milled flat before 
the next layer is placed down, to im¬ 
prove accuracy—kept within some five 
or 10 mils—and to strengthen the prod¬ 
uct. Finally, that wax "scaffolding" Ls 
removed, a task still not fully automated. 

Several variants are in use. The most 
popular cures the polymer by laser 
scanning point by point, although po¬ 
tentially exposing an entire layer at a 
time is much faster. The resin used is 
critical, for it constitutes the final prod¬ 
uct, but photosensitive polymers hard¬ 
ly span a wide range of materials. So far 
most users produce prototypes meant 
for study and test, for molds, 3-D maps, 
models, even art. One new 7 additive 
scheme emplaces layers of powder onto 
which droplets of a binder fluid are art¬ 
fully deposited very much as letters are 
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formed on paper by ink-jet printers. Us¬ 
ing alumina powder and silica adhesive, 
these forms are suited for the kiln, mak¬ 
ing ceramic mold shells for precision 
investment casting with no need for any 
initial pattern. The commercial version 
is now in tryout. Five or six other pro¬ 
cesses are in production, of which se¬ 
lective sintering by laser scan of depos¬ 
ited layers of powder sounds the most 
likely. 

The author, a physicist turned com¬ 
puter entrepreneur, writes well. He has 
managed the rare feat of giving plenty 
of timely commercial detail without be¬ 
coming boring, by use of clear tables, 
visual examples and lively comment. 
More technical chapters treat choice 
among producers, data-input methods 
and a range of materials. 

With some help from his optimistic 
friends, he offers philosophical essays 
on the social and economic impact 
"Customer coproduction'’ of automobile 
body design by computer screen choice 
is easily forecast, although as a revolu¬ 
tion it does seem effete. Given million- 
fold users of Personal Autofab, PA-sav- 
vy hosts could welcome guests with 
special dinner plates or trendy trinkets 
made of recyclable powders from that 
evening’s newly downloaded software. 
It is not easy to extrapolate to a time 
when automatic fabrication is as com¬ 
monplace as SimCity; can any PA hope 
to lay down zirconia paring knives? The 
layered future lies still in shadow, per¬ 
haps awaiting chemical systems or even 
atomic beams. 


Genetic Distance 

The History and Geography of Hu¬ 
man Genes, by L. Luca Cavalli-Sforza, 
Paolo Menozzi and Alberto Piazza. 
Princeton University Press, 1994 ($] 50). 

ur genes stipulate just how bio- 
I I logical Nature guides societal 
Vy Nurture. Yet the fascination of 
this overflowing treasury of historical 
genetics is its unexpected demonstra¬ 
tion that Nurture, obedient not to in¬ 
born nucleotides but to the intricacies 
of culture, moves along with Nature on 
one shared path. When two travelers 
walk hand in hand, who is guide? 

This outsize volume is a hardcover 
match to the bulk of Boston's Yellow 
Pages . It reviews at depth 14 years of 
pathhreaking teamwork by this trio of 
scholars from Palo Alto, Parma and 
Turin. The authors 5 data are drawn from 
a wide literature, thousands of reports 
over four decades of tests, mostly im¬ 
munologic results on blood samples, 
taken in 7,000 locations among 1,900 


named peoples, Ainu to ZunL An aver¬ 
age sample might test for 10 genetic 
traits among a few hundred individuals 
drawn from unrelated local families. All 
groups sampled are those we call abo¬ 
riginal, living today more or less where 
they were at the time of Columbus, 
They, too, have usually wandered but 
in migrations that predate by millennia 
the swift dispersal of Europeans after 
the 15 th century. 

The trick is to judge genetic kinship 
by easy, opportunistic tests. Gross visi¬ 
ble physical features such as height and 
weight are under strong extragenetic in¬ 
fluence. Eye, hair and skin color are ge¬ 
netically complex and have proved of 
little value for analysis. But the proteins 
on the surfaces of blood cells are easy 
to characterize tightly by the response 
of small samples to specific antibodies. 
The familiar blood groups that govern 
transfusion derive from red cells. A 
much larger family of distinct genetic 
markers—most of the 100 used here— 
has more recently been identified in 
the rich antigenic properties of white 
lymphocytes. 

These rather random marker proteins 
are not in themselves very significant. 
But they allow quantitative study of in¬ 
heritance within any group, (Recent 
mutations are rare and add only a little 
noise.) The dozen gene forms, or alleles, 
of the most important single marker 
used, a white cell surface protein called 
HLAA, are mapped and tabulated as 
they were found worldwide, and so on 
for almost 100 other alleles. 

Some alleles are all but universal. 
They tell us little beyond their selected 
value to our common humanity. Some 
are rare save in the small region where 
they arose long ago. But most are found 
everywhere at some level of frequency. 
Thus, single alleles can say little. They 
are apparent in nearly all populations. 
On that rock the old and wicked idea 
of human races foundered utterly. Peo¬ 
ple vary genetically within groups more 
than they vary from one group to an¬ 
other; most evolution took place dur¬ 
ing the long time before humans made 
it to all the continents. 

The key tool is a quantitative means 
to measure differences in the pattern 
of gene frequencies, not in any single 
one. What is sought is a measure of ge¬ 
netic distance between two groups that 
weighs many gene frequencies in a sta¬ 
tistically unbiased way. The mathemat¬ 
ics, treated here at length, is neither 
simple nor unique. But the outcome is 
persuasively tested in several different 
ways. One reassuring result is the re¬ 
markably smooth relation obeyed by 
the "genetic distance" between pairs 
of groups and the simple geographical 
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distance between the group locations. 

A second test is applied to the forma¬ 
tion of “trees of descent" among groups, 
again taking genetic distance as a mea¬ 
sure. The two groups of least distance 
Form the lowest branch of the whole 
tree. That pair is pooled, and new dis¬ 
tances found to aO others. Finally, only 
two populations are left; they define the 
earliest fission. 

'The authors discuss in turn continent 
after continent. The bulk of the text is 
given to these detailed chapters. The 
many genealogies confirm one another. 
The most robust tree arrays 42 major 
groups pooled from the full database. 
About 120 alleles are taken into ac¬ 
count. The first split neatly parts Africa 
from all the rest. On the non-African 
branch the next split divides north from 
south Asia. The Amerind groups then 
fission from Northeast Asia, and that 
Asian branch itself ends in a split be¬ 
tween the Arctic peoples and the Tibet¬ 
an, Japanese, Mongolian and Korean 
peoples. 

The linguists, too, have a huge data¬ 
base, words instead of genes, in 6,000 
tongues. Their latest essay at one fami¬ 
ly tree of human tongues—by no means 
yet anywhere near consensus—strong¬ 
ly parallels the tree of alleles. A residu¬ 
al subjectivity in graphical form does 
not lessen the remarkable fit between 
16 linguistic families and the 40-odd 
genetic populations: each language fam¬ 
ily can be quite well matched to one or 
to a very few of the closely related ge¬ 
netic dusters. 

Try a couple of less ambitious com¬ 
parisons. On maps of Spain, many local 
place-names and some Neolithic cave 
paintings, stone tools and cranial re¬ 
mains all conform to clear gene pat¬ 
terns: the influence of the Basques is 
marked in all, spreading over most of 
Iberia with a strength that dedines as 
distance grows from the present Basque 
country'. 

Consider three sociological types of 
French families: nudear, patriarchal and 
extended, all of them identified more 
than a century ago. The three types are 
still geographically distinct. Their dis¬ 
tribution over France correlates well 
both with today's voting patterns and 
with gene frequencies. Blood group 0 
and the socialist vote in France are 
closely correlated in location, because 
the family structure, like the biological 
heritage, is reliably carried by young 
children, and adult opinion follows. It 
is not that red cell proteins mysterious¬ 
ly fix voting habits but rather that genes 
and cultures walk hand in hand. Here is 
a comprehensive account of how well 
we can follow them both into the long, 
still indistinct past. 
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ESS AY by John Timpane 


How To Convince a Reluctant Scientist 


At the end of reasons comes persuasion. 
—Ludwig Wittgenstein, On Certainty 


A t the end of every successful argu- 

/ \ ment, no matter how weighty the 
JL JL evidence or powerful the reason¬ 
ing, the beholder performs a nonration- 
al act: the leap to acceptance. It may be 
short—one may feel pushed—but a leap 
it always is. 

What makes a scientific argument 
persuasive? Granted, there is rto one na¬ 
tion called "science" but a panoply of 
tribes with their respective handicrafts. 
A cosmologist might nod, and a chemi- 
cal engineer squirm, when someone ar¬ 
gues that the unobserved must exist for 
the observed to make sense. Certain 
branches of physics absolutely demand 
reproducibility—but an anthropologist 
may get only one chance to live amid 
the !Kung. 

There are some basic persuaders, 
more or less familiar, more or less hon¬ 
ored. Robert K. Merton's five elements 
of scientific endeavor—originahty, de¬ 
tachment, universality, skepticism and 
public accessibility—all play a role. If 
results and methods follow the rules 
we know, and if we find the candor and 
testability we expect, we are at Least 
nearer to feeling well disposed. Yet in 
the sciences as elsewhere, conviction 
involves other forces, both reason and 
nonreason. 

Our sense of what connects, what fits, 
what ramifies, can often move us to ac¬ 
ceptance. Results that bear little con¬ 
nection to existing work will persuade 
little. But if study A forges connections 
between studies B, K and S, or if it new¬ 
ly illuminates an established fact, a tiny 
epiphany can happen. 

Or a massive one. Sir Isaac Newton's 
audience was impressed when he de¬ 
rived Ms laws of physics from obser¬ 
vations made by Galileo—but over¬ 
whelmed when he then showed that the 
moon, planets and stars obeyed these 
same principles. It did not escape the 
notice of James D. Watson and Francis 
Crick that their proposed structure for 
DNA helped to explain the copying 
mechanism of the genetic material. 
Ramification may work also from with¬ 


out. If we realize the argument we have 
just heard is supported by independent 
evidence, our personal paradigms may 
start to budge. Some scientists initially 
resisted John Ostrom's argument that 
the ancestors of modern birds w r ere 
ground-dwelling theropods. But when 
we watch a hawk hop alter a desert rat, 
w f e are not far from the awkward leap 
of Archaeopteryx. 

To be persuasive, then, you can be 
only so original. Total originality, to the 
point at which no one else speaks your 
language, may cripple your argument's 
progress in the world (as happened ini¬ 
tially to Thomas Young's wave theory of 
light). Call it the Law of Obviousness: 
better to be a half-step ahead and un¬ 
derstood than a whole step and ignored. 

P restige sells, too. Freeman Dyson 
has noted the “profound conse¬ 
quences” of status in the sciences. A 
famous team at a famous institution 
backed by famous money is a hard 
combination to resist. Even harder is 
the status that comes with large proj¬ 
ects. .Almost irresistible is the assent of 
prestigious colleagues or superiors. 

Publicity, for better or worse, begets 
prestige. Scientists today—of necessi¬ 
ty—are veritable master organists at 
the great keyboards of the media. Go¬ 
ing public spurs debate, encourages ver¬ 
ification, attracts funds. Today, when 
there is more science than ever before, 
a number of scientists see no alterna¬ 
tive to invoking the hosanna and the 
gee whiz. 

Many scientists believe arguments 
they have never read or heard, simply 
because most of their peers believe. As 
Thomas S. Kuhn writes, “There is no 
standard higher than the assent of the 
relevant community. The transfer of al¬ 
legiance from one paradigm to another 
is a conversion experience that cannot 
be forced." 

.And sometimes the sheer beauty of a 
demonstration can render an argument 
compelling. Einstein's special theory of 
relativity gained acceptance not only 
by its pow r er to explain observed phe¬ 
nomena but also by the elegance of the 
equation E - me 2 . Cell biologists wax 
rhapsodic over Erkki Ruoslahtfs exper- 
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iments showing that a certain molecule, 
called an integrin, mediates the adhe¬ 
sion of cells to the protein fibronectin. 
Ruoslahti's work was of such beauty 
that other cell biologists found it ex¬ 
tremely and immediately persuasive. 

M uch of what makes a scientific ar¬ 
gument convincing, in the end, has 
to do with things other than science. By 
saying so, we do not impugn or under¬ 
mine the sciences so much as we recog¬ 
nize their humanity. Some postmodern¬ 
ist thinkers—those, for example, who 
practice the collection of methods called 
deconstruction—believe that the impor¬ 
tant role of the nonrational in the sci¬ 
ences is a scandal, when in fact that role 
is fairly familiar to anyone who actually 
does a science for a living. 

Besides, such conceptual issues cease 
to have much importance past the lab 
door, which opens into a world of dif¬ 
ferent priorities. In the workplace, sci¬ 
entists have utter faith in the reality of 
the world and in themselves. They have 
to. (Otherwise, their experiments, and 
perhaps they, may turn to tar.) The or¬ 
der of things, furthermore, pressures 
them to treat all data, especially thdr 
own, with thorough skepticism. After 
all, these pragmatic, naive, realist skep¬ 
tics must eventually submit their find¬ 
ings to another entity in which they 
trust—the candid, bruising machinery 
of peer review. 

How, then, docs the history of science 
unfold? .According to reason, drawn by 
the ineluctable, magnetic pull of truth? 
Or by bursts, gaps, sudden nonrational 
disjunctions? Perhaps the latter amounts 
to the former, since the aggregate of 
thousands of nonrational moments— 
when individual scientists are persuad¬ 
ed, convinced, converted—adds up to a 
progress of sorts. Conversion happens 
when a piece falls into place and ren¬ 
ders the whole puzzle new?. Often the 
new vision is so powerful that our deci¬ 
sion to accept may seem hardly a deci¬ 
sion at all. Yet a decision it always is. 
Precisely because they are not rational, 
such leaps—from final ice floe to river- 
bank—are wonderfully, deeply human. 


JOHN TIMPANE is a writer who teach¬ 
es English at Lafayette College in East¬ 
on, Pennsylvania . 
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